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Abstract 


This  report  presents  atmospheric  optical  data  collected  at  night  in  Thailand  chiefly  with  airborne  in¬ 
struments  during  two  field  expeditions,  one  trip  made  during  the  wet  monsoon  season  and  one  during  the 
dry  season.  Results  from  eighteen  flights  are  presented.  The  data  include  irradiance,  directional  reflec¬ 
tance  of  backgrounds,  total  scattering  coefficients,  atmospheric  beam  transmittance,  path  radiance,  and 
directional  path  reflectance.  Data  for  starlight,  moonlight,  and  overcast  conditions  were  derived  for 
downward-looking  paths  of  sight  inclined  at  seven  zenith  angles(93°,  95°,  100°,  105°,  120°,  150°,  and  180°) 
from  altitudes  of  1524  m  and  lower  in  five  spectral  regions,  as  follows:  four  narrow  band  optical  filters 
with  maximum  transmittances  at  475,  515,  660,  and  745  nm;  one  broad  band  sensitivity  representing  the 
S-20  multiplier  phototubes  fitted  with  UV  reflection  filter.  Simultaneous  photoelectric  (Royco)  measure¬ 
ments  of  the  distributions  of  atmosphere  particle  sizes  are  reported. 


Summary 

This  is  the  Final  Report  prepared  in  compliance  with  AFCRL  contract  F  19628-67-C-0181 .  The  principal 
task  was  to  make  nighttime  atmospheric  optical  measurements  in  Thailand  and  Puerto  Rico  by  sensors  de¬ 
veloped  at  the  Visibility  Laboratory  and  installed  in  Air  Force  C-130  aircraft  Mo.  50022,  and  from  these 
measurements  to  determine  several  important  optical  properties  of  various  downward  inclined  paths  of 
sight.  These  properties  include  the  atmospheric  beam  transmittance,  path  radiance,  path  reflectance, 
background  reflectance,  background  radiance,  and  contrast  transmittu>n,t. 

Two  field  trips  were  made  to  Thailand,  the  first  during  September  and  October  in  1968,  the  second  dur¬ 
ing  February,  March,  and  April  of  1969.  The  first  trip  coincided  with  the  wet  monsoon  season;  the  second 
trip  was  during  the  relatively  dry  season.  During  both  trips  data  were  recorded  over  the  Khorat  Plateau 
forested  area,  over  cultivated  areas  of  the  Chao  Phraya  River  delta,  over  the  Gulf  of  Siam,  and  over  land 
areas  adjacent  to  the  Gulf  in  the  vicinity  of  Rayong.  The  Puerto  Rico  trip  was  made  in  July  of  1969;  night¬ 
time  data  were  recorded  over  the  Atlantic  Ocean  north  of  Puerto  Tortuguero. 

The  instrumentation  carried  by  the  C-130  aircraft  for  recording  optical  data  consisted  of  a  total  scat¬ 
tering  meter  (or  nephelometer)  for  determining  the  total  scattering  coefficient,  two  sky  scanning  radi¬ 
ometers  for  recording  upper  and  lower  sky  radiances,  a  fixed  large  aperture  radiometer  for  recording  nadir 
radiances,  and  a  dual  irradiometer  for  recording  alternately  the  downwelling  and  upwelling  irradiances. 
The  meteorological  instrumentation  included  a  Royco  particle  counter,  pressure  transducers,  a  dewpoint 
hygrometer,  and  an  AN/AMQ-17  aerograph  for  measuring  ambient  temperature  and  humidity.  The  installa¬ 
tion  of  the  above  equipment  in  Air  Force  C-130  aircraft  No.  50022  was  performed  by  Hayes  International 
Corp.  under  Air  Force  Contract  F  19650-68-C-0315. 

Each  optical  instrument  was  fitted  with  five  optical  filters  causing  it  to  measure  at  four  different 
narrow  band  wavelengths  of  the  spectrum.  The  fifth  filter  permitted  the  sensor  to  record  in  accordance  with 
the  sensitivity  of  the  S-2Q  multiplier  phototube  from  400  nm  to  approximately  800  nm.  The  wavelength  se¬ 
lection  for  the  four  narrow  band  filters  was  based  on  the  expected  changes  in  the  chlorophyll  and  xantho- 
phyll  content  of  the  vegetation  during  seasonal  chang  or  after  crop  harvesting. 

Data  were  recorded  on  magnetic  taps  in  the  aircraft  by  means  of  a  42  channel  magnetic  tape  data  log¬ 
ger,  excep  for  .he  data  from  the  Royco  particle  counter  which  were  recorded  on  paper  tape.  The  data 
tapes,  .  'nnetic  and  paper,  were  returned  to  the  Visibility  Laboratory  at  San  Diego  for  processing. 
Themaii  -.ape  was  then  processed  by  the  computer  facilities  at  University  of  California,  San  Diego, 
and  the  papt  tapes  processed  manually  at  the  Visibility  Laboratory. 

Analogous  optical  data  were  also  obtained  on  the  ground.,  sometimes  simultaneously,  by  effectively 
duplicate  instrumentation . 

Simultaneous  meteorological  data  were  aiso  obtained  in  the  aircraft  and  at  the  ground  installations. 
These  data  include  atmospheric  oressure.  temperature,  humidity,  and  particle  size  distribution.  They  are 
not  included  in  this  report. 
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1.  Introduction 


This  final  report  under  Air  Force  Contract  No.  F  19628-67-C-0181  is  part  of  the  research  program  of  Air 
Force  Project  OPERATION  SHED  LIGHT.  That  project,  initiated  in  1965,  seeks  to  improve  Air  Force  capa¬ 
bility  for  close  support  operations  at  night.  The  advent  of  electro-optical  night  vision  devices,  poten¬ 
tially  capable  cf  enabling  crews  of  low  flying  aircraft  to  view  terrains  by  starlight,  resulted  in  a  require¬ 
ment  for  optical  data  on  the  atmospheric  limitations  on  the  operation  of  such  devices,  particularly  along 
shallowly  inclined  paths  of  sight.  Optimization  of  the  engineering  design  of  such  night  viewing  devices 
also  requires  information  concerning  the  nighttime  optical  properties  of  typical  backgrounds  against  which 
objects  of  interest  are  expected  to  appear.  In  short,  the  requirement  is  for  all  of  the  data  that  are  neces¬ 
sary  to  predict  the  magnitude  and  character  of  nighttime  optical  signals  available  at  an  aircraft.  Such 
data  were  collected  and  are  presented  in  this  report. 

Optical  properties  of  atmospheres  and  terrains  were  measured  from  a  specially  instrumented  C-130  air¬ 
craft  and  an  associated  ground  station  at  several  selected  locations  in  Thailand  during  the  wet  monsoon 
season  in  the  Fall  of  1968  and  the  dry  monsoon  season  during  the  Spring  of  1969.  Supplementary  in-flight 
meteorological  measurements  were  also  recorded.  These  may  provide  a  link  with  more  conventional  mete¬ 
orological  records.  The  optical  data  cover  four  selected  wavelength  intervals  in  the  visible  spectrum  and 
the  near  infrared.  Numerical  examples  are  provided  to  illustrate  some  uses  of  the  data  which  may  be  made 
by  engineers  concerned  with  the  design  of  improved  electro-optical  night  viewing  devices  for  specialized 
applications. 


1.1  BACKGROUND  OF  THE  PROJECT 


The  difficult  expa>imenta!  task  described  in  this  report  was  carried  out  successfully  within  the  time 
requirements  of  Proiect  SHED  LIGHT  only  because  most  of  the  experimental  techniques  and  some  of  the 
necessary  i.istruments  were  already  in  existence.  Airborne  research  in  atmospheric  optics  under  Air  Force 
sponsorship  has  been  a  continuous  activity  at  the  Visibility  Laboratory  of  the  University  of  California 
since  1952,  but  the  work  has  its  roots  in  similar  airborne  experiments  conducted  by  some  of  the  Labora¬ 
tory's  scientific  personnel  during  World  War  II  and  thereafter. 

The  Visibility  Laboratory  was  established  jointly  by  the  United  States  Air  Force  and  the  United  States 
Navy  to  develop  a  capability  for  predicting,  by  calculation  from  physical  data,  the  probabilities  with  which 
any  object  of  military  importance  can  be  visually  detected,,  recognized,  or  identified  under  operational 
conditions  of  any  kind,  anywhere,  any  time,  with  or  without  the  aid  of  optical  instruments,  photographic 
systems,  or  electro-optical  devices.  Techniques  for  accomplishing  this  mission  are  under  continuing  de¬ 
velopment.  The  bank  of  necessary  physical  data  is  constantly  growing.  The  experiments  conducted  in 
Thailand  for  Project  SHED  LIGHT  are  part  of  the  Laboratory's  on-going  program  of  environmental 
measurements . 

1.2  EARLIER  AIRBORNE  OPTICAL  ATMOSPHERIC  MEASUREMENTS 

A  few  airborne  optical  atmospheric  measurements  were  made  by  U.S.  military  and  industrial  scientists 
during  World  War  1  and,  to  a  limited  extent,  throughout  the  years  tnat  followed.  A  small  amount  of  similar 
work  was  also  carried  out  by  other  nations.  In  1S40  some  of  the  authors  of  this  report  undertook  airborne 
optical  and  terrain  measurements  from  aircraft  at  the  request  of  the  United  States  Army.  The  first  of  these 
measurements  were  made  in  December  of  1940  from  a  military  aircraft  operated  by  the  Massachusetts  Na¬ 
tional  Guard.  The  equipment  consisted  of  battery-operated,  laboratory-type  visual  photometers  poorly 
suited  to  the  needs  of  the  task.  After  the  United  States  entered  World  War  II,  new  specialized  in-flight 
spectroradiometric  equipment  was  constructed,  based  chiefly  on  photographic  photometry.  It  was  used  in 
B-17  and  B-24  aircraft  by  personnel  o*  the  present  Visibility  Laboratory. 

Similar  studies  by  the  same  individuals  continued  after  the  war  under  various  military  sponsorships. 
Data  were  obtained  from  an  instrumented  Air  Force  B-47,  an  instrumented  Navy  F2H2.  and  an  instrumented 
Navy  R4D.  In  this  period  experimental  procedures  shifted  from  reliance  on  photographic  photometry  to 
automatic,  recording  photoelectric  devices  employing  multiplier  phototubes.  Data  flights  were  made  in 
continental  United  States  and  in  Puerto  Rico.  Many  of  the  data  served  highly  specialized,  specific  needs. 
Other  data  were  of  low  reliability  compared  with  today's  standards  and  have  been,  superseded  by  newer 
work.  Some,  however,  had  wide  applicability  and  are  still  in  use. 

1.3  VISIBILITY  LABORATORY  IN-FLIGHT  ATMOSPHERIC  MEASUREMENT  PROGRAM 

The  Air  Force/Visibility  Laboratory  in-flight  atmospheric  measurement  program  was  initiated  in  1952  in 
response  to  requirements  of  the  Strategic  Air  Command  of  the  U,  S.  Air  Force.  The  initial  needs  were  for 
data  under  night  conditions.,  None  of  the  preceding  airborne  measurements  had  been  made  during  darkness. 
No  existing  airborne  equipment  had  sufficient  sensitivity  for  operation  in  starlight.  A  preliminary  attempt 
to  obtain  the  needed  data  was  made  in  B-36  aircraft  from  Fairchild  Air  Force  Base  near  Spokane,  Washing¬ 
ton.  Although  some  marginally  applicable  information  was  secured,  it  was  clear  that  the  task  required  an 
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aircraft  permanently  instrumented  with  photoelectric  equipment  of  advanced  design.  Early  in  1953  a  B-29 
assigned  to  the  Air  Research  ar.d  Development  Command  was  made  available  to  the  Visibility  Laboratory 
for  instrumentation  at  Edwards  Air  Force  Base,  California,  The  installation  included  two  large  aperture 
(12-inch  diameter)  reflecting  type,  scanning  telephotometers  for  mapping  the  night  sky  above  and  below 
the  aircraft  and  a  variety  of  other  photoelectric  optical  measuring  devices  capable  of  use  at  night.  The 
same  instruments  also  functioned  in  daylight. 

Even  before  the  original  nighttime  data  requirements  were  fulfilled,  new  military  requirements  for  opti¬ 
cal  atmospheric  data  appeared.  Eventually  the  B-29  aircraft  was  replaced  by  a  C-130  and  the  original  in¬ 
struments  were  updated.  Because  there  was  no  longer  any  requirement  for  airborne  measurements  at  night 
and  because  the  large  scanners  had  severe  aerodynamic  problems,  new  smaller  and  faster  scanners  were 
constructed.  All  of  the  new  equipment  for  the  C-130  was  designed  solely  for  use  at  daytime  light  levels. 
That  restriction  proved  to  be  unfortunate  when,  in  January,  1966,  Air  Force  Project  OPERATION  SHED  LIGHT 
produced  a  requirement  for  low  altitude  optica!  atmospheric  data  at  night.  There  was  neither  time  nor  funds 
to  reinstrument  the  C-130  completely. 

1.4  PROJECT  SHED  LIGHT* 

Fortunately,  new  developments  in  multiplier  phototifces  enabled  the  sensitivity  of  the  small  scanners 
and  other  in-flight  optical  instruments  to  be  increased  significantly.  Samples  of  the  new  detectors  were 
used  to  demonstrate  that  the  existing  small  scanners  and  other  optical  sensors  could  be  converted  for  suc¬ 
cessful  night  operation.  The  subsequent  conversion  required  both  the  use  of  expensive,  state-of-the-art, 
selected  multiplier  phototubes  and  drastic  reductions  in  data  acquisition  rates  (scan  rates),  but  no  other 
feasible  option  was  found  within  the  constraints  of  time  and  funds.  Even  so,  extensive  changer  in  experi¬ 
mental  methodology,  electronic  circuitry,  and  data  processing  procedures  had  to  be  made.  Some  additional 
instrumentation  and  extensive  aircraft  modification  was  required.  New  ground  station  equipment  was  built. 
All  of  this  was  accomplished  within  a  time  span  acceptable  to  Project  OPERATION  SHED  LIGHT. 

This  report  describes  the  equipment  and  overseas  deployments,  and  presents  the  best  of  the  resulting 
data. 

FIRST  AND  SECOND  OVERSEAS  DEPLOYMENTS 

At  the  request  of  the  Air  Force,  data  were  obtained  first  during  two  overseas  deployments  in  Thailand. 
All  arrangements  were  made  by  the  Contract  Monitors.  They  also  selected  sites  for  the  experiments.  One 
of  the  Project  Monitors,  Dr.  Robert  W.  Fenn,  has  provided  an  account  of  the  planning  of  the  field  measure¬ 
ment  program  in  Thailand;  it  is  quoted  verbatim  immediately  below. 

"Planning  of  Field  Measurement  Program. 

"Very  limited  data  on  atmospheric  visibility  exist  for  the  Indochina  area.  Climatic  data  are  pri¬ 
marily  based  on  Weather  Services’  compilations  and  are  restricted  to  ground  surface  visibility 
observations. 

"An  analysis  of  such  data,  for  instance  for  Thailand,  reveals  that  there  are  considerable  iocal 
variations  in  surface  visibility,  even  in  yearly  average  values.  The  annuai  average  visibilities 


*  See  also  SHED  LIGHT  management  report. 
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vary  between  8  km  (Khtong  Yai  oil  the  east  coast  of  the  Gulf  of  Siam  11°47'  N,  102°53'  E>  and 
25  km  iPhrach  Unla  CHomkiao  in  the  Chao  Phraya  Delta,  13°32'  N,  100°35'  El  with  the  majority 
of  vaities  between  9  and  io  km. 

“The  weather  of  Southeast  Asia  is  controlled  by  the  monsoon  regime.  The  southwest  monsoon 
during  the  summer  months  brings  the  warm  and  moi9t  air  from  the  Gulf  of  Siam  and  the  Gulf  of 
Bengal  with  haavy  ram  showers  into  the  Southeast  Asia  Peninsula.  The  northeast  monsoon 
from  tiie  interior  of  Asia  is  dry,  exceot  where  it  picks  up  moisture  on  its  way  acros3  the  Gulf 
of  Tonkin  and  the  South  China  Sea,  causing  ‘chrachin’  condition  with  drizzle  along  the  Vietnam 
coastal  region. 

“The  visibility  conditions  are  characterized  also  by  the  monsoon  regime.  Heavy  rain  showers 
during  the  summer  monsoon  tend  to  washout  dust  and  haze  from  the  air  resulting  in  good  visi¬ 
bilities  under  the  generally  overcast  sky.  During  the  dry  winter  monsoon  period  dry  dust  from 
the  ground  is  picked  up  by  winds  to  form  haze  layers,  frequently  enhanced  by  smoke  from  burn¬ 
ing  rice  fields,  in  general  visibilities  during  the  dry  season  range  from  about  6- 10  km,  whereas 
they  improve  to  10-15  km  during  the  rainy  season. 

“No  quantitative  data  existed  on  the  vertical  structure  of  the  atmosphere  with  regard  to  its  tur¬ 
bidity  characteristics. 

“From  these  considerations  it  is  quite  apparent  that  a  limited  field  measurement  program  should 
as  a  minimum  cover  the  two  major  seasons,  namely  summer  and  winter  monsoon  and  possibly 
reach  into  the  transitional  periods  in  April-May  and  Octobcr-November. 

"A  study  of  the  Southeast  Asia  area  shows  that  a  number  of  rather  typical  areas  exist  with  re¬ 
gard  to  their  geographical  features  as  well  as  atmospheric  features. 

‘‘As  such  areas  one  may  define:  (a)  the  River  Delta  areas,  with  their  canals  and  nee  fields, 

(b)  the  heavily  wooded  highlands  of  the  interior  areas,  and  <c>  the  Coastal  strips.  All  these 
areas  are  found  in  various  locations  in  Southeast  Asiu. 

‘‘The  meteorological  conditions  vary  considerably  for  these  locations.  The  exposure  of  land 
areas  to  oceans  has  a  significant  effect  on  the  monsoon  influence.  The  geographical  location 
of  the  Thai  Peninsula  with  regard  to  the  Gulf  of  Siam  produces  n  similar  effect  on  the  northeast 
monsoon  as  “  Tor  the  coastal  range  of  Vietnam.  On  the  other  hand  the  southwest  monsoon 

during  the  f.  months  transports  air  over  large  land  masses  before  it  reaches  the  Vietnam 
east  coastal  areas,  a  condition  which  is  similar  to  that  for  central  Thailand  during  the  northeast 
monsoon.  One  therefore  might  expect  some  airmass  similarity  between  the  northeast  monsoon 
region  in  Thailand  and  the  southwest  monsoon  region  in  Vietnam.  The  large  scale  airmass  cir¬ 
culation  patterns  in  addition  ate  strongly  affected  by  local  phenomena  as  the  burning  of  rice 
fields.  Apparently  early  morning  hazes  and  smoke  prevail  near  populated  areas,  this  effect 
being  enhanced  by  the  hazy  nature  of  the  equatorial  air  mass. 

“The  adequacy  of  a  particular  field  site  for  the  purposes  of  this  project  depends  on  many  fac¬ 
tors  such  as  terrain  representativeness,  atmospheric-meteorological  conditions,  air  mass  circu¬ 
lation  (and  here  particularly  local  effects  may  disturb  the  representativeness  of  an  area),  logis¬ 
tical  aspects  regarding  ground  operation  und  aircraft  operation  and  the  combination  of  both. 

“Based  on  these  considerations  and  on  observations  during  a  preliminary  survey  trip,  three 
areas  in  Thailand  were  selected  for  the  measurement  program; 

1,  The  Chao  Phraya  Lowlands  in  the  vieimtv  of  Lop  Hun  north  of  Bangkok 

2,  The  Khorat  Plateau  in  the  genera!  vicinity  orNnlhon  Kntchnaima 

3,  The  coast  along  the  Gulf  of  Siam  east  of  l'  Tnphuo  near  Rayimg 

“The  location  and  general  characteristics  of  these  three  areas  is  shown  in  Figures  1  through  4.- 

“As  will  be  pointed  out  later  in  the  report,  one  difficulty  with  regard  to  representativeness  in 
nighttime  measurements  in  all  these  locations  is  the  presence  of  artificial  lights.  Otherwise 
the  terrain  was  very  homogeneous  within  the  measurement  area,  Some  comments  on  the  specific 
teirain  features  for  individual  flights  are  given  in  the  description  of  the  airborne  data  packages 
(Section  6-1),” 
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Fig.  3.  Khorat  Plateau,  Evergreen  Forest 
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The  objective  of  project  OPERATION  SHED  LIGHT  is  to  improve  the  capability  of  the  Air  Force  to  oper¬ 
ate  at  night.  The  ability  of  the  human  eye  to  discriminate  objects  is  severely  reduced  at  nighttime  light 
levels.  This  can  be  partially  overcome  in  two  ways:  (1)  by  illuminating  the  terrain,  or  (2)  by  using  image 
’ ntensifi er  devices.  These  are  well  described  by  Morton  (1964),  whose  analysis  demonstrates  the  critical 
role  of  apparent  object  contrast  among  those  factors  which  determine  the  limiting  performance  of  such  vis¬ 
ual  aids*.  Accurate  knowledge  of  the  spectral  characteristics  of  the  apparent  contrast  of  objects  wher 
viewed  against  typical  backgrounds  is  vital  to  the  optimization  of  systems  for  operational  use.  Thus,  de¬ 
tailed  knowledge  of  the  reduction  of  contrast  by  the  atmosphere  is  essential  for  proper  engineering  design. 
The  nighttime  in-flight  data  collected  m  Thailand  and  presented  in  this  report  are  intended  to  fulfill 
that  need. 

Prior  to  the  experiments  described  by  this  report,  nighttime  atmospheric  contrast  transmittance  from 
air  to  ground  was  virtually  unknown.  Limited  previous  experimental  (Duntley,  et  al.,  1964)  and  theoretical 
(Duntley,  et  al.,  1957,  and  Wells,  et  al.,.  1968)  analyses  of  daytime  contrast  transmittance  and  its  depen¬ 
dence  on  altitude,  look  angle,  atmospheric  light  scattering  properties,  illumination  and  ground  albedo  have 
shown  that  the  inherent  contrast  of  an  object  against  its  background  can  be  reduced  by  several  orders  of 
magnitude  if  viewed  along  a  path  through  the  atmosphere.  Figure  1-1,  which  is  based  on  theoretical  work 
from  Wells,  et  at. (1968),  shows  contrast  transmittance  (or  ratio  of  apparent  to  inherent  contrast)  as  a  func¬ 
tion  of  altitude  for  two  model  atmospheres;  the  results  show  a  strong  dependence  on  atmospheric  properties 

CONTRAST  TRANSMISSION  VERSUS  RECEIVER  ALTITUDE 


*  See  pages  666  and  667  of  Morton  (1964)  reference,  note  that  contrast  appears  as  C2  in  these  equations. 
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Theoretical  and  experimental  studies  also  indicated  that  there  exists  a  strong  wavelength  dependence 
fa'  contrast  transmittance.  This  wavelength  dependence  is  not  only  a  function  of  atmospheric  properties 
but  also  of  the  spectral  reflectance  characteristics  of  the  background  immediately  adjacent  to  the  object. 
One  of  the  important  atmospheric  properties,  the  spectral  path  radiance,  although  ordinarily  unaffected  by 
the  spectral  nature  of  the  target  and  its  immediately  adjacent  background,  may  nevertheless  exhibit  a  mild 
but  rarely  negligible  wavelength  dependence  on  the  average  spectral  reflectance  of  the  terrain  beneath  the 
path  of  sight.  Thus,  it  was  clear  that  all  of  the  new  nocturnal  measurements  must  be  made  at  appropriately 
selected  spectral  bands. 

The  previous  studies  also  showed  a  significant  difference  in  contrast  attenuation  between  cases  with 
directional  illumination  (sun  or  moon)  and  diffuse  illumination  (overcast  sky  or  starlight  night  sky). 

The  results  from  the-  theoretical  analyses  and  the  fact  that  these  computations  were  based  only  on  gen¬ 
eral  model  atmospheres  indicated  that  a  requirement  exists  for  experimental  field  measurements  in  a  vari¬ 
ety  of  environmental  conditions 

FLIGHT  REQUIREMENTS 

From  the  outset  it  was  clear  that  crews  of  fast,,  low  altitude  aircraft  must  view  the  terrain  along  shal¬ 
lowly  inclined  paths  of  sight.  When  flying  over  verdant  countryside  they  are  confronted  with  exceedingly 
complex  scenes  containing  hundreds  of  visible  objects.  Among  all  of  these  the  observer  must  find  some 
particular  object  of  interest  and  make  positive  identification  before  it  passes  from  his  field  of  view.  Ob¬ 
viously,  no  mechanism  should  be  overlooked  to  aid  the  observer  in  his  task.  Various  means  for  making 
specific  objects  more  conspicuous  were  suggested  by  the  authors  and  by  Air  Force  personnel.  Some  of 
these  were  explored  in  preliminary  studies. 


PRELIMINARY  STUDIES 

The  detailed  design  of  the  experimental  equipment  and  the  data  collection  procedure  was  preceded  by 
sample  calculations  using  dummy  data  in  order  to  explore  the  requirements  for  optimizing  the  design  of 
night  viewing  systems  for  particular  seeing  tasks.  Dur;ng  April  1966  a  letter  describing  some  of  these 
preliminary  studies  was  sent  to  the  Air  Force.  Part  of  that  letter,  quoted  almost  verbatim,  is  as  follows: 


.  .  the  results  are  interesting  even  though  they  are  based  upon  assumed  input  data  and  despite 
the  fact  that  they  represent  only  d  very  small  sample  of  the  type  of  study  which  could  and  should 
be  made  in  order  to  optimize  the  performance  of  future  night  viewing  systems. 

"Two  kinds  of  sample  calculations  were  made.  The  first  illustrates  how  spectral  data  on  ob¬ 
jects  and  backgrounds  can  be  used  to  select  the  filters  for  multispectral  systems.  It  also  explores 
the  potential  capability  of  one  method  for  combining  and  displaying  the  resulting  multispectral 
images.  The  second  type  of  calculation  illustrates  how  data  on  the  contrast  transmitting  prop¬ 
erties  of  the  atmosphere  can  be  combined  with  object  and  background  data  and  w  ith  the  modula¬ 
tion  transfer  function  of  the  night  viewing  system  to  predict  maximum  sighting  and  recognition 
ranges  for  various  atmospheric  conditions.  The  latter  tvpe  of  calculation  necessarily  involves 
assumptions  concerning  magnification  (focal  length):  extension  of  this  tvpe  of  calculation  to  the 
case  of  dynamic  search  would  invo've  the  question  of  field  of  view.  In  fact,  every  one  of  the 
parameters  which  specifies  the  performance  of  a  night  viewing  system  is  involved  hi  these  cal¬ 
culations  in  such  a  way  that  parametric  studies  can  be  made  and  all  of  the  trade-offs  explored. 

"The  sample  calculations  were  not  intended  to  be  the  ultimate  in  completeness  or  sophisti¬ 
cation.  They  were  done  as  preliminary  trials  and  without  the  expenditure  of  any  major  amount 
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of  time  on  the  part  of  those  who  participated  in  them.  They  nuist  he  regarded  merely  as  illus¬ 
trative  examples.  Fortunately  a  great  deal  of  new  knowledge  and  a  great  man,-  new  tools  for 
calculations  of  this  kind  have  been  developed  here  comparatively  recently  Many  of  the  opera¬ 
tions  which  have  in  the  past  been  time  consuming  when  done  by  hand  have  been  programmed 
for  computers  There  is,  in  fact,  an  active  project  supported  by  NASA  in  our  laboratory  for  de¬ 
veloping  computer  programs  for  such  purposes  in  order  that  large  scale  parametric  studies  of 
dynamic  search,  detection,  and  recognition  -an  be  carried  out  quickly  and  economically.  All  of 
these  new  developments  contribute  to  a  potential  for  the  utilization  of  data  such  as  the  type 
under  consideration  to  be  obtained  with  the  C-130  in  a  night  operating  configuration.  Explora¬ 
tion  of  design  compromises  and  system  performance  of  night  vision  systems  could  he  performed 
rapidly  and  thoroughly. 

“The  illustrative  calculations  referred  to  above  were  made  by  James  L.  Harris  of  the  Visi¬ 
bility  Laboratory  who  has  written  an  internal  memorandum  about  the  work.  His  memorandum 
says,  in  part: 

‘.  .  .  The  purpose  of  the  calculation  is  not  to  predict  real  seotoscope  performance  hut 
rather  to  show  the  type  of  <  aleulations  uhtt  h  eouhl  he  made  if  the  appropriate  input  data  are 
obtained. 

‘The  calculation  is  divided  into  two  parts.  Part  I  deals  with  the  question  of  the  inherent 
optical  signal,  i.e.,  the  nature  of  the  object  and  its  environment,  the  spectra!  properties  of  each, 
and  the  utilization  of  spectral  filtering  to  improve  system  performance.  Part  II  deals  with  the 
calculation  of  the  object  image  as  displayed  by  the  system,  accounting  for  the  effect  on  the  in¬ 
herent  optical  signal  of  the  contrast  transmittance  of  the  atmosphere,  the  modulation  transfer 
function  of  the  image  intensifier  system,  and  the  noise  level  of  the  intensifier  system.  The 
fundamental  limitations  on  detection  and  recognition  imposed  by  these  combined  properties  are 
calculated. 

Part  I  -  Inherent  Optical  Signal 

‘A  background  consisting  of  vegetation  has  a  spectral  characteristic  differing  considerably 
from  that  associated  with  the  painted  surfaces  of  most  man-made  objects.  Figure  1  shows  a 
crude  plot  of  a  typical  object  and  background  (ERDL  data  January  1964).  My  reference  for  this 
data  did  not  show  the  curves  below  0.5  microns  and  I  truncated  the  graph  at  0.8  microns  since 
this  is  the  approximate  cutoff  of  sensitivity  of  the  S-29  photocathode. 

‘Figure  1  also  shows  the  relative  response  of  the  S-20  photocathode  over  this  region  and  a 
plot  of  the  product  of  the  sensitivity  curve  with  both  the  object  and  background  spectral  radiance 
curves.  It  is  apparent  from  these  curves  that  for  the  conditions  under  which  these  data  were 
taken,  there  is  a  region  below  0.68  microns  in  which  the  object  would  have  positive  contrast 
(i.e.,  appear  brighter  than  the  background)  and  a  region  above  0.68  microns  in  which  the  object 
would  have  negative  contrast  (i.e.,  appear  darker  than  the  background!.  For  an  unfiltered  S-20 
surface,  the  contrast  of  the  displayed  image  would  be  determined  by  an  integral  over  the  whole 
spectral  region.  Since  this  combines  the  positive  and  negative  contrast  regions  it  would  be  rea¬ 
sonable  to  expect  that  the  display  contrast  might  be  improved  by  appropriate  spectral  filtering. 

‘The  reference  from  which  I  extracted  the  ERDL  data  implied  that  the  curves  were  drawn  for 
an  object  having  an  average  reflectance  on  the  order  of  20%.  A  different  value  of  reflectance 
would  of  course  result  in  a  different  contrast  and  a  different  crossover  point. 

‘By  numerical  integration  of  the  composite  object  mid  background  curves  of  Fig.  1.  the  in¬ 
herent  contrast  of  the  object  against  the  background  as  viewed  by  mi  unfiltered  S-20  photocathode 
is  given  by  the  equation 


CD  =  T.O.'lr  -  1  ,  (1) 

where  r  is  the  average  reflectance  of  the  object. 

‘A  plot  of  the  absolute  magnitude  of  Eq.  1  is  shown  in  Fig.  2.  The  contrast  is  zer  ‘t  r  -  0.14., 
negative  for  lesser  reflectance  values  and  positive  for  object  reflectances  greater  than  0.14. 


SPECTRORADIOMETRIC  CHARACTERISTICS  (RELATIVE  UNITS) 


‘If,  on  tho  other  hand,  we  were  to  filter  spectrally,  passing  only  the  band  from  0.68  to  0.8 
microns,  then  by  numerical  integration  over  that  region  < the  "high  wavelength"  region) 

=  2.95r  -  1  .  (2) 

‘This  curve  is  also  shown  in  Fig.  2.  The  reflectance  for  zero  contrast  now  is  r  -  0.,,‘U. 

‘If  we  spectrally  filtered  to  pass  only  that  band  of  frequencies  between  0.5  and  0.68  microns 
then  the  contrast  for  that  region  (the  "low  wavelength"  region)  is 

(',  -  8.6»r  -  I  (.!) 

so  that  the  reflectance  for  zero  conrast  is  r  ~  0. 12  (see  Fig.  2).  A  comparison  of  the  and  C, 
curves  shown  in  Fig.  2  verifies  the  observation  from  the  spectral  plots  of  Fig.  1  that  for  a  reflec¬ 
tance  of  .20,  the  object  contrast  would  be  positive  for  the  spectral  region  below  0.68  end  negative 
for  the  spectral  region  above  0  68. 

‘The  simple  observations  made  above  made  it  clear  that  proper  spectral  filtering  depends 
upon  the  reflectance  of  the  object  for  which  we  arc  searching,  and  this  piece  of  information  may 
not  exist  a  priori.  We  can,  however,  take  advantage  of  the  fact  that  the  contrast  cannot  be  zero 
simultaneously  in  both  spectral  regions,  Suppose  that  we  alternately  filtered  0.5  to  0  68  and 
0.68  to  0.8,  repeating  the  operation  at  a  repetition  rate  well  bclou  the  critical  flicker  fusion 
frequency  for  the  human  visual  system.  By  the  appropriate  addition  of  neutral  density  filters 
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wo  could  balance  the  two  .w Moms  so  that  tho  background  flux  was  equal  for  ouch.  The  contrast 
lor  either  cifl  tho  two  filtering*  would  ho  as  given  bv  Kq*.  2  and  I.  however  the  object  would 
“flicker**  hot woon  two  lumuianco  values  whoso  difference  would  never  be  zero  for  anv  non-zero 
value  of  object  reflectance.  We  can  make  this  quantitative  by  noting  the  values  of  the  numerical 
integrations  which  were  performed  on  the  effective  spectral  distribution  curves  of  Fig.  1.  These 
numerical  evaluations  of  the  integral  were 
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where  the  I!  and  T  subscripts  refer  to  background  and  object  and  the  L,  and  H  subscripts  refer 
to  the  "low”  <()..*)  to  0.68  micron)  and  "high"  <0.68  to  0,8  micron)  spectral  regions.  To  make  the 
background  flux  equal  for  Uie  two  regions  we  mast  attenuate  the  “low”  region  by  n  factor  27/67. 
This  would  give  a  new  set  of  values. 
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'A  measure  of  the  visual  effectiveness  of  the  flicker  display  is  to  specify  the  quantity 
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This  quantity  is  also  shown  in  Ktg.  2.  Over  the  region  of  practical  reflectance  values,  sav  0.1 
t  0  4,  the  "dynamic"  display  contrast  ooir.,ares  favorably  with  the  contrast  obtainable  from 
either  of  the  static  spectral  filterings,  and  of  course  it  is  never  zero  contrast  in  this  region. 

'One  verv  important  tael  that  is  not  apparent  in  tho  calculations  made  above  is  that  the 
dynamic  display  may  olfer  invaluable  aid  in  the  verv  difficult  problem  of  attempting  to  recognize 
quickly  an  object  of  interest  located  in  a  verv  cluttered  background.  The  flickering  of  the  object 
would  he  v'tv  effective  in  calling  the  observer  >-  attention  to  the  obteet.  It  i-  my  opinion  that 
the  problem  of  recognition  ol  the  object  in  the  cluttered  background  may  be  the  most  serious  prob¬ 
lem  to  be  fnced  in  the  practical  use  of  these  devices. 

'The  illustrative  calculations  which  have  been  made  relative  to  spectral  filtering  and  dv- 
namic  displav  techniques  illustrate  that  min  li  pmlilabli ■  an al \  s(s  „l  the  optimization  of  the  tie 
nrc  ran  hr  mailc  pro i  uimp  I lir  ba-n  s pci  Iral  data  on  ohj r<  I  -  an  a  hat  hp round s  arc  obtained. 


I’arl  II  -  Detection  and  Recognition  Ranges 


‘Three  basic  mechanisms  operate  to  reduce  the  (jualitv  til  the  object  image  which  will  lie 
displayed  at  the  image  miciisifier.  These  aie  the  contrast  reduction  imposed  bv  the  atinosplicic. 
the  resolution  limitations  of  the  image  intcnsihcr.  and  the  jihotoii-shot-noise  inherent  in  the  dis¬ 
play.  The  contrast  transmittance  of  the  atmosphere  mav  he  expressed  bv  the  equation 1 
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I.  A.  R.  Boilenu,  J.  Appl.  Opt.  571  ( 1964- 
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w  here  tin*  path  radiance  N*  is  tin*  radium-e  of  I  lax  scattered  into  tin*  path  of  s  iftht ,  hNo  is  the 
inherent  background  radiance,  i.<*..  that  which  would  Ik?  measured  dost*  to  (ho  background,  and 
T  is  tin*  hoain  transmittance  o(  tho  path  of  sight,  i.o.,  tho  trimsmittiinoo  Tor  an  imago-forming 
ray  from  tho  olijool.  All  tliroo  quantities  N  ,  hN0,  and  T  arc  a  function  of  wavelength,  and  con¬ 
trast  transmittance  is  therefore  a  function  of  wavelength.  Any  realistic  analysis  of  optimum 
spectral  filtering  must  consider  the  wavelength  dependence  ol  contrast  transmittance.  I Infortu 
MOte/v  the  data  inquired  io  evaluate  mnlra^l  Iransmiltanvv  ns  a  funrtinn  ol  uarelenillh  do  not 
no  I  for  tlir  niiiUtUmc  environment. 

'For  the  purpose  of  this  illustrative  calculation  we  will  assume  the  simple  exponential  form 
of  contrast  transmittance, 

r  -  e*'  L  ,  <tO 

where  r  is  the  slant  range  to  the  object  and  I.  is  the  attenuation  length  in  the  same  units  ns 
the  slant  range.  For  the  purpose  of  this  analysis  we  will  assume  attenuation  lengths  of  <>25  ft,. 
500(1  ft,  and  20000  ft. 

'The  resolution  of  tho  image  intcnsifier  can  he  specified  in  terms  of  the  modulation  transfer 
function  of  the  device,  i.o.,  the  transmission  encountered  !>v  each  spatiul  frequency.  Since  I  did 
not  have  actual  modulation  transfer  function  data.  I  assumed  the  analytic  form 

1 

T  r  -  ,  (0) 

1  + (Kf ) 2 

which  typifies  many  image-forming  systems.  I  further  assumed  thnt  the  resolution  of  the  system 
was  defined  in  the  conventional  manner  to  he  20  line  pairs  per  millimeter  and  that  this  meant  that 
T  =  0.02  at  a  frequency  of  20  cycles  per  millimeter.  The  assumption  was  made  that  the  image 
intensifier  used  a  12  inch  focal  length  lens  system.  Equation  !)  together  with  the  assumption  of 
the  focal  length  allows  an  interpretation  as  to  the  modulation  transfer  function  mapped  into  object 
space,  i.o.,  cycles  per  foot  at  the  object,  for  operation  at  a  specific  slant  range  r. 

'Equipments  and  computer  programs  developed  in  the  course  of  tho  image  processing  research 
sponsored  by  AREA2- 1  were  used  to  generate  both  numerical  descriptions  and  corresponding  pie-- 
tures  of  two  different  but  somewhat  similar  objects  of  interest  us  they  would  appear  in  the  dis¬ 
play  when  viewed  at  ranges  of  2500,  5000,  10000,  20000,  40000,  and  80000  ft.  The  two  objects 
were  selected  on  the  basis  of  their  availability  in  our  file  and  consisted  of  a  Patton  tank  and  a 
Mechanical  Mule.  One  aspect  of  the  choice  was  the  desire  to  have  two  objects  having  approxi¬ 
mately  equal  detection  ranges  but  ones  which  are  readily  distinguishable  given  sufficient 
resolution. 

“The  steps  in  the  process  were  as  follows:- 

(1)  The  film  transparencies  for  the  two  objects  were  run  through  the  image  pro  . 'easing  film 
scanner  which  generates  a  deck  of  IBM  cards  containing  information  on  the  transmission  of  the 
film  at  each  of  3600  points  (a  60  x  60  grid  of  points).  This  deck  of  cards  is  processed  at  the 
IICSD  Computer  Center  using  the  CDC-3600  digital  computer.  The  processing  consists  of  mak¬ 
ing  a  Fourier  analysis  of  the  object,  applying  the  modulation  transfer  function  for  each  of  the 
object  ranges,  and  then  obtaining  the  inverse  Fourier  transform  which  is  a  description,  over  the 
60  x  60  grid,  of  the  relative  luminance  values  for  the  displayed  image.  In  addition  to  tabulated 
data,  the  computer  furnishes  a  deck  of  “picture”  curds  which  can  be  played  back  through  the 
scanner  electronics,  displayed  on  a  cathode  ray  tube,  and  photographed  bv  a  Polaroid  scope 
camera  to  obtain  a  picture  of  the  image  degraded  by  the  modulation  transfer  function. 

*A  set  of  tho  pictures  obtained  in  this  way  :s  shown  m  Fig.  3.  The  bottom  picture  was  ob¬ 
tained  directly  from  the  film  scanner  with  no  degradation  imposed.  The  rest  of  the  set  shows 
the  image  quality  for  target  ranges  of  2500,  5000,  10  xKI,  20  000,  40000,  and  80000  feet.  The 

2.  J.  L.  Harris,  SIO  Ref.  63-10  (April  1963). 

3.  J.  L.  Harris,  J.  Opt.  Soc.  Am.,  56,  569  ( 1966). 
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Fig.  1-2.  Improved  Computer-Oenernted  Pictures  (See  Page 
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‘The  next  step  m  the  analysis  was  to  predict  the  range  at  which  each  ol  the  objects  can  be 
detected  and  the  range  .it  which  the  two  objects  can  he  distinguished  from  one  another.  The 
calculations  are  based  on  the  quadratic  content  concepts  derived  in  the  paper  "Resolving  Power 
and  Decision  Theory”4.  Specifically  the  probability  of  detection  and  recognition  arc  determined 
from  Kqs.  11  and  14  in  that  paper.  For  detection,  the  difference  image  is  the  difference  between 
the  object  image  and  the  background  image.  For  recognition  the  difference  image  is  the  difference 
between  the  tank  image  and  the  mechanical  mule  image. 

'As  a  preliminary  to  performing  the  calculation  it  was  necessary  to  estimate  the  noise  level 
associated  with  an  element  of  the  display.  It  was  assumed  that  the  limiting  noise  would  be 
photon-shot-noise  and  that  due  to  the  atmospheric  contrast  reduction  the  display  contrast  at 
threshold  range  would  be  quite  low,  so  that  the  photon-shot-noise  variance  could  be  assumed 
constant  over  the  entire  image. 

‘For  an  area  increment  A  A  on  the  photocathode  of  the  image  intensificr,  the  incident  flux 
would  be 


A  A 
F  = - 


f2 


Al 


(10) 


where  F  is  the  flux  in  lumens.  11  is  the  scene  luminance  in  lumens  ster"1  ft“2,  f  is  the 
focal  length,  and  AL  is  the  area  of  the  entrance  pupil  of  the  optical  system.  Photopic  units 
were  used  for  this  estimate  because  the  proper  radiometric  values  to  correspond  to  various 
lighting  conditions  were  not  known.  By  multiplying  Eq.  10  by  n,  the  number  of  photons  per 
second  in  each  lumen,  the  number  of  photons  per  second  was  obtained,  i.e., 

A  A 

N  =  B -  An,  (11) 

fj  L 

For  an  observation  time  T,  (he  number  of  photons  is 

N  =  B  —  ALnT  .  (12) 

f: 


Multiplying  Eq.  12  by  the  quantum  efficiency,  q,  of  the  photosensitive  surface  gives  the  number 
of  photoelectrons,  m. 


\  A 

m  =  B - ALnTq  . 

f2 


(13) 


The  photoelectrons  will  fellow  a  Poisson  distribution  which  has  the  property  that  the  variance 
a1  is  equal  to  the  mean,  i.e.. 


\  A 

n 2  =  m  -  B  - -  ALnTq  . 

f2 


Equation  14  in  reference  4  requires  the  noise  variance  per  unit  area  which  is 


a 2  BALnTq 


\  A  f2 


(14) 


(15) 


4.  J.  L.  Harris,  J.  Opt.  Soc.;  Am.,  54,  606  (1964). 
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The  numerical  values  used  lor  the  noise  estimate  were 


li  -  It)  '  lumens  ster" 1  It"2 
A,  -  0.2  ft2 

n  -  i  \  10* 5  photons  see"1  per  lumen 
T  0. 1  second 
<1  0.20 
f2  in2 


Caleiilation  of  quadratic  content  from  the  degraded  images  and  noise  variance  per  unit  area  from 
Kq.  lft  resulted  in  the  detection  and  recognition  probability  curves  shown  in  Figs,  t  and  ft.  For 
the  detection  case,  Kq.  M  of  reference  I  was  modified  to  insert  a  threshold  which  results  in  a 
false  alarm  probability  of  10"3.  Figure  l  shows  the  proba  >i  1  it \  of  detection  as  a  function  of 
range  for  the  three  values  of  meteorological  range.  Figure  ft  shows  the  probability  of  distin¬ 
guishing  between  the  two  objects  as  a  function  of  range  for  each  of  the  meteorological  ranges., 
For  the  recognition  ease,  the  probability  «t  long  ranges  approaches  a  value  of  0.5  which  is  the 
probability  of  making  a  correct  binary  decision  on  the  basis  of  chance  alone. 


r  (THOUSANDS  OF  FF! 


<***t*»<m'ym***m>'**  <»*+»v»r  ■«-«■  d-m- 


r  (THOUSANDS  OF  FEET) 


‘As  indicated  in  the  quadratic  content  derivations  of  reference  4,  calculations  of  this  type 
represent  upper  limits  to  performance  since  the  equations  are  based  on  complete  extraction  of 
information  from  the  degraded  image.  While  the  human  system  may  approach  this  limit  in  the 
case  of  detection,  it  is  likely  that  in  attempting  to  perform  recognition  of  these  low  resolution, 
low  contrast,  noisy  images,  the  human  visual  system  may  be  quite  inefficient  in  the  extraction 
of  information  and  the  performance  would  then  be  significantly  less  than  that  predicted  in  Fig.  5. 


Conclusion 

‘The  purpose  of  performing  this  illustrative  calculation  wa«  to  indicate  the  techniques  of 
problem  analysis  which  are  presently  in  existence.  It  is  my  personal  belief  that  these  tools  can 
be  profitably  employed  both  in  the  optimization  of  the  design  of  image  intensifier  systems  and  in 
the  optimization  of  doctrine  for  the  use  of  such  apparatus.  To  make  such  analysis  meaningful  it 
is  necessary  in  hare  reliable  data  on  the  spectral  radiance  of  objects  and  backgrounds  and  spec¬ 
tral  data  required  for  calculation  of  contrast  transmittance,  i.e.,  spectral  path  radiance  aid 
spectral  beam  transmittance.’ 
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“It  must  bo  remembered  that  the  foregoing  examples  ure  the  results  of  dummy  calculations 
based  upon  assumed  input  data  which  have  been  prepared  solely  for  the  purpose  of  illustrating 
some  of  the  uses  which  would  be  served  by  data  on  nighttime  atmospheric  effects  and  night¬ 
time  directional  reflectance  properties  of  terrains  and  man-made  objects.” 


IMPROVED  COMPUTER-GENERATED  PICTURES 

The  ce nputer -generated  pictures  in  the  preceding  quotation  (Fig.  3)  omit  the  effects  of  contrast  reduc¬ 
tion  by  the  atmosphere  and  the  inescapable  spatial  photon-shot -noise  which  characterizes  the  images  pro¬ 
duced  by  image  intensifier  devices  when  used  under  full-night  conditions.  Also  omitted  was  the  effect  of 
range  on  image  size.  Subsequent  advances  in  computer  technology  at  tne  Visibility  Laboratory  now  enable 
all  of  these  effects  to  be  incorporated  accurately.  In  order  to  reproduce  the  dynamic  aspect  of  photon- 
shot-noise,  computer-generated  motion  pictures  are  prepared  for  projection  at  the  rate  of  16  frames  per 
second.  Although  such  movies  cannot  be  used  in  this  report,  an  example  composed  of  single  frames  ap¬ 
pears  as  Fig.  1-2. 

The  object  selected  for  Fig.  1-2  was  the  same  tank  used  in  the  1966  pictures.  Its  background  is  white 
concrete  pavement  having  a  directional  reflectance  of  0.60.  An  overcast  starlight  condition  was  assumed 
by  specifying  that  the  luminance  of  this  background  is  1  x  10”5  iu  Q~l  ft-2.  This  photometric  specifica¬ 
tion  is  used  reluctantly  instead  of  a  radiometric  one  in  deference  to  conventional  practice  with  respect  to 
night  vision  devices. 

The  objective  lens  was  chosen  to  be  750  mm  focal  length,  f/4.  This  choice  is  such  that  each  picture 
element  in  the  64  x  64  tank  image  is  0.1  mm  x  0.1  mm.  Calculation  shows  that  on  the  average  40  photons 
arrive  each  1/16  second  on  every  picture  element  which  depicts  the  background.  The  mean  number  of 
photoelectrons  was  also  calculated  for  each  of  the  other  picture  elements  in  the  64  x  64  array.  A  software 
program  then  replaced  each  mean  value  in  the  picture  with  a  random  selection  from  a  Poisson  distribution 
having  that  mean.  The  calculation  of  mean  photoelectrons  requires  an  assumed  time  of  observation,  which 
in  this  case  was  chosen  to  be  1/16  second.  The  time  choice  is  associated  with  the  generation  of  16  frames 
per  second  movies  in  which  the  dynamic  noise  pattern  can  be  fully  seen.  Perceptually,  the  viewing  of  sin¬ 
gle  frames  such  as  those  shown  in  Fig.  1-2  makes  the  noise  level  appear  greater  than  it  would  be  in  the 
dynamic  situation. 

The  modulation  transfer  function  (mtf)  for  the  image  intensifier  was  chosen  to  be  of  the  form 


L  400  J 

where  f  is  in  cycles  mm-1.  This  corresponds  to  the  mtf  having  a  value  of  0.02  at  20  cycles  mm"1. 

The  atmospheric  conditions  were  assumed  to  be  those  of  Flight  821.  Contrast  transmittance  values 
were  calculated  from  the  tabulated  directional  path  reflectances  and  the  directional  reflectance  of  the  con¬ 
crete  background  (0.60).  The  ranges  assumed  were  1200,  2400,  3600,  4800,  and  6000  m.  For  simplicity 
the  zenith  angle  of  the  path  of  sight  was  assumed  to  be  105°  for  all  ranges  so  that  range  and  altitude  are 
linearly  related  by  a  single  constant  for  all  ranges.  The  resulting  contrast  transmittances  for  the  corres¬ 
ponding  slant  ranges  are  listed  in  Table  1-1. 
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Table  1-1.  Contrast  Transmittances 


Slant  Range 
(meters) 

Atmospheric 
Contrast  Transmittance 

1177.3 

0.84 

2354.6 

0.70 

3531.9 

0.60 

4709.2 

0.52 

5886.5 

0.45 

Figure  1-2  contains  five  columns  of  photographs  depicting  the  appearance  of  the  tank  at  each  of  these 
five  ranges  as  seen  through  the  image  intensifier  under  the  assumed  starlight  conditions  when  the  atmos¬ 
pheric  contrast  transmittance  of  the  slant  paths  of  sight  are  0.80,  0.40,  and  0.20.  The  curve  through  this 
matrix  of  pictures  was  plotted  from  Table  1-1  and  depicts  the  atmospheric  effect  on  the  image  under  the  at¬ 
mospheric  and  lighting  conditions  which  prevailed  at  the  time  of  Flight  82 1. 

The  pictures  give  a  direct  intuitive  means  of  evaluating  the  image  quality  for  any  specified  set  of  con¬ 
ditions.  The  computer  software  produces,  however,,  much  more  than  pictorial  information.  Numerical  eval-. 
uation  of  quadratic  content  of  the  image  (detection)  and  quadratic  content  of  difference  images  (recognition) 
serve  as  a  basis  for  analytic  treatment  of  performance  expectations.  By  splitting  the  object  and  back¬ 
ground  into  separate  images  for  a  number  of  spectral  bands,,  the  analysis  is  easily  extended  to  include 
strategies  with  respect  to  spectral  filtering. 


For  use  in  any  future  work,  a  more  rigorous  computer  model  than  the  one  used  in  this  example  is  avail¬ 
able  for  the  image  intensifier.  A  software  package  which  has  been  developed  here  for  a  Navy  project 
takes  the  optical  signal  through  the  lens  mtf  and  then  through  each  stage  of  a  multistage  image  intensifier 
so  that  for  each  stage  the  mtf,  nonlinearity  of  phosphors,,  and  noise  accumulation  can  be  appropriately 
handled. 


SPECTRAL  FILTERING 

All  verdant  terrains  appiear  green.  Despite  minor  differences  among  plant  species,,  the  green  color  re¬ 
sults  from  the  presence  of  chlorophyll,  a  red-absorbing  (blue)  substance,  and  xanthophyll,  a  blue-absorbing 
(yellow)  substance.  These  two  compounds  are  intimately  associated  in  green  plant  materials.  Chlorophyll 
is,,  in  fact,  responsible  for  the  important  ability  of  plants  to  convert  solar  energy  into  chemical  potential 
energy  (e.g. ,.  sugars)  with  release  of  oxygen  into  the  atmosphere.  The  reflection  spectrum  of  a  typical  leaf 
is  shown  in  Fig.  1-3.  The  spectral  regions  of  low  reflectance  (valleys)  in  the  curve  are  due  to  strong  ab¬ 
sorption  by  xanthophyll  in  the  blue  (left)  and  chlorophyll  in  the  red  (right)  at  these  wavelengths.  Between 
these  two  regions  of  strong  spectral  absorption  is  a  reflectance  peak  which  results  from  the  scattering  of 
light  by  colorless,  nearly  absorption-free  mechanical  structures  within  the  leaf.  This  green  reflectance  is 
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responsible  for  the  color  of  the  leaf  as  viewed  by  human  eyes.  At  the  far  right  of  Fig.  1-3  beyond  680  nm. 
the  reflectance  of  the  leaf  rises  abruptly  and  remains  high  throughout  the  near  infrared  region  of  the  spec¬ 
trum.  This  high  reflectance  is,  again,  the  result  of  light  scattering  by  absorption-free  mechanical  struc¬ 
tures  within  the  leaf;  it  signifies  that  none  of  the  substances  in  the  leaf  absorbs  the  near  infrared  strongly. 
Thus,  infrared  photography  of  terrains  shows  the  foliage  to  be  highly  reflecting,  somewhat  as  if  covered  by 
snow.  Ordinarily,  this  is  not  visually  apparent  because  the  dramatic  increase  in  reflectance  occurs  at  the 
extreme  red  end  of  the  visual  sensitivity.  From  a  color  standpoint,  it  is  completely  masked  by  the  green 
reflectance  peak  which,  although  lower  in  absolute  value,,  is  vastly  more  effective  in  stimulating  vision 
because  it  occupies  the  spectral  region  where  the  eye  is  most  sensitive.  Observers  equipped  with  tight- 
fitting,  very  deep  red  goggles  can,  after  sufficient  dark  adaption,  see  foliage  as  highly  reflecting,  much  as 
in  an  infrared  photograph. 


WAVELENGTH  (NANOMETERS) 

Fig.  1-3.  Reflection  Spectrum  of  a  Typical  Leaf 


Classical  Camouflage  Detection.  Most  green  paints  which  derive  their  color  from  mixtures  of  blue  and 
yellow  inorganic  pigments  do  not  exhibit  high  reflectance  in  the  near  infrared.  Therefore,,  infrared  photo¬ 
graphs  can  often  distinguish  between  visually  similar  green  plants  and  green  paints  by  showing  the  former 
as  light  and  the  latter  as  dark. 

A  common  photographic  technique  for  this  form  of  camouflage  detection  uses  a  special  color  film  in 
which  the  three  spectral  sensitivities  are  green,  red,  and  infrared  rather  than  blue,  green,  and  red  as  in 
conventional  color  films.  Such  pictures  show  fol iage  as  red  because  of  high  infrared  reflectance  of  the 
foliage  but  reproduce  conventional  green  paints  as  blue-green.  This  product, developed  during  World  War  II 
as  a  camouflage  detection  film,  has  subsequently  been  put  to  many  other  valuable  uses.  In  agriculture  and 
forestry,  for  example,  it  detects  crop  and  forest  areas  where  plant  diseases  are  beginning  to  destroy  vital 
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chlorophyll  structures.  In  oceanography  and  hydiography  the  "color  infrared  '  film  prominently  displays 
silt  distributions  and  some  forms  of  pollution  in  rivers,  harbors,  lakes,,  and  oceans. 

Foliwc  Change*.  The  foregoing  well-known  facts  have  been  summarized  only  to  illustrate  oneway 
of  causing  certain  man-made  objects  to  have  increased  conspicuity  when  viewed  by  multispectral,  electro- 
optical  night  vision  devices.  The  above  example  is  by  no  means  the  only  way  in  which  spectral  differ¬ 
ences  can  be  exploited.  In  fact,  from  the  standpoint  of  Project  SHED  LIGHT  interests,,  much  more  subtle 
and  possibly  more  important  spectral  discriminations  involve  the  spectral  changes  which  occur  in  leaf  ma¬ 
terials  after  they  have  been  cut  or  damaged.  The  spectral  details  and  time  history  of  such  changes  depend 
upon  such  factors  as  the  species,,  the  nature  of  the  plant  injury,  and  its  condition.  Very  intensive  studies 
show  that  in  many  cases  the  first  significant  change  in  the  reflection  spectrum  cf  injured  leaves  occurs  in 
a  narrow  spectral  region  centering  at  approximately  515  nm.  An  additional  absorption  soon  occurs  which 
lowers  the  reflectance  there  before  changes  have  occurred  elsewhere  in  the  spectrum.  In  some  cases  the 
reflectance  at  515nm  may  be  reduced  to  half  its  or;g:nal  value  before  any  other  significant  spectral  change 
takes  place.  In  the  hope  of  exploiting  this  early  change  in  the  'eflection  spectrum  of  injured  foliage,  one 
of  the  four  spectral  sensitivities  selected  for  the  airborne  data  collection  program  in  Project  SHED  LIGHT 
was  a  comparatively  narrow  spectral  region  centered  at  515  nm.  For  comparison  purposes,  another  SHED 
LIGHT  filter  was  centered  at  475  nm  in  the  wavelength  region  of  the  xanthophyil  absorption  because  the 
reflectance  of  leaves  in  this  spectral  region  may  change  only  slightly  while,  by  comparison,  the  reflec¬ 
tance  at  515  nm  changes  by  a  factor  of  2.  These  two  filters  are  reierred  to  in  this  report  as  ,  liters  1  and 
2.  The  corresponding  spectral  sensitivities  are  illustrated  in  Fig.  1-4  and  tabulated  in  5ection  6.2. 


Fig.  1-4.  Standardized  St'nsitivitv-Tr.insimttnnci’  nl'  ll.c  Four  N.«m#  Hand  Filtcr-Fholotuhi*  I'anilunalions 


Later  in  the  history  of  an  injured  plant  chloronhyll  decomposes  so  that  absorption  in  the  red  and  orange 
spectral  region  below  680  nm  is  lessened.  The  leaf  becomes  progressively  more  reflectant  in  this  spectral 
region,  i.e.,,  the  reflectance  curve  rises.  To  take  advantage  of  this  reflectance  change,  tne  third  filter  in 
the  SHED  LIGHT  data  was  chosen  to  transmit  the  spectral  region  just  below  680  nm,  as  shown  in  Fig.  1-4. 
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Initially  at  least  reflectance  in  the  ad  K  ent  neat  infrared  (above  720  nmt  changes  very  little  Thus,  the 
fourth  narrow  band  sensitivity  began  just  above  720  nnt  and  peaked  at  745  nm.  When  properlv  compared, 
these  two  spectral  regions  sensitively  display  a  second  stage  of  plant  damage 


It  must  be  noted  that  the  decomposition  products  of  chlorophyll  and  other  leaf  materials  are  sometimes 
colored;  i  e  ,  they  may  have  absorption  bands  m  the  visible  spectrum  or  near  infrared.  Therefore  complex 
changes  in  spectrum  and  color  are  sometimes  seen  m  the  later  stages  of  plant  damage,  depending  upon  the 
manner  in  which  the  foliage  was  injured  and  upon  peculiarities  of  particular  plant  species.  The  year-to- 
year  variability  in  deciduous  autumn  foliage  illustrates  that  the  situation  is  not  simple.  Fortunately,  the 
spectal  reflectance  of  dead  foliage  is  of  less  concern  than  the  more  subtle  changes  that  occur  during  the 
first  hours  or  days  following  leaf  damage. 


Fill  Selection.  The  four  narrow  band  SHtD  1.IGHI  tillers  were  chosen  :n  part  on  the  basis  of  the 
above  considerations,  but  two  other  requirements  were  also  important  First,  the  spectra!  character  of  light 
scattered  by  the  atmosphere  should  be  revealed  by  the  Si  It.D  LIGHT  data  To  do  this,  th«  narrow  band  sen¬ 
sitivities  should  be  widely  distributed  actoss  the  spectrum  Filters  1  through  4  fulfill  tins  requirement, 
as  shewn  m  Fig.  1-4.  Since  atmospheric  scattering  exmbits  no  spectral  fine-structure,  the  exact  positions 
of  the  rnsitivities  are  not  critical  It  is  believed  that  the  choice  of  filters  based  upon  foliage  considera¬ 
tions  *.js  satisfactory. 


Second,,  the  spectral  bands  should  be  as  narrow  as  possible,  consistent  with  sensor  sensitivity  The 
four  filters  selected  were  recognized  as  too  narrow  for  sone  starlight  measurements  and  occasionally  sub- 
marginal  under  moonlight  conditions  Since  the  existing  filter  changing  mechanisms  and  other  consider¬ 
ations  limited  the  maximum  number  of  filters  to  five,  it  was  dee  ded  to  let  the  fifth  filter  expose  the  S-20 
photocathodes  to  the  entire  spectrum  above  the  ultraviolet.  Thus,  as  shown  in  Fig.  1-4,  the  sensitivity  of 
Filter  5  was  that  of  the  phototube  covered  only  by  an  ultraviolet  rejection  filter  (Wratten  2 A) .  Data  were 
obtained  by  Filter  5  when  all  other  filters  were  light  starved  and  these  data  served  several  practical  pur¬ 
poses  that  are  explained  later  in  this  report 


RELIABILITY  OF  THE  DATA 

No  effort  was  spared  to  maximize  the  reliability  of  the  data  contained  in  this  rejjort.  Experieico  ac 
cumulated  during  more  than  25  years  of  in  flignt  optical  measurements  dictated  many  precautions.  Even 
under  optimum  daylight  conditions  with  full  home-base  laboratory  support,,  data  of  high  reliability  are  not 
easy  to  achieve.  Night  operations  overseas,  often  under  adverse  weatner  conditions  and  with  no  technical 
support  beyond  the  resources  of  the  field  party,  are  more  difficult. 

Not  all  of  the  data  taker,  in  Thailand  are  tabulated  in  this  report,  only  those  believed  to  be  highly  re¬ 
liable  are  included.  It  is  possible  that  portions  of  the  remaining  data  can  be  brougnt  up  to  a  useful  level 
of  reliability  by  further  study,  but  neither  time  nor  funds  were  available  under  the  contract  to  accomplish 
this.  There  are  three  principal  reasons  why  these  additional  da  a  are  presently  judged  insufficiently  reli¬ 
able  for  inclusion  in  this  report. 
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(1)  Insufficient  Light 

In  some  instances  there  was  insufficient  light  to  make  one  or  more  of  the  key  measurements  Missing 
vital  components  of  data  prevented  the  end-product  quantities  (e  g  ,  N",  T,  R*)  from  brng  calculated  There 
were  marginal  cases  in  which  the  signal  to  noise  ratio  made  the  end  product  quant. ties  uncertain.  The 
criteria  used  as  the  basis  of  judgement  in  such  cases  are  discussed  later  in  this  report. 

(2)  Aircraft  Movement 

The  airborne  data  could  not  all  be  taken  in  one  place, because  the  aircraft  is  a  moving  platform.  Thus, 
on  some  occasions,  clouds  overhead,  patterns  of  lights  on  the  ground,  or  the  glow  of  cities  and  villages 
caused  distortions  of  the  basic  data  which  made  the  calculated  end  oroduct  quantities  unusablefe.g.,  neg¬ 
ative  values).  Some  correction  and  smoothing  of  the  basic  data  were  readily  possible.  For  example,  light¬ 
ning  flashes  (a  common  occurrence)  are  recognizable  in  the  records  and  interpolation  from  adjacent  data 
was  usually  possible  Occasionally,  however,  when  the  quantity  being  measured  was  changing  rapidly, 
the  ' ‘sett linq  time"  of  the  photoelectric  photometer  was  too  great  to  permit  reliable  interpolations  to  be 
made.  Corresponamg  effects  sometimes  occurred  when  a  scanner  swept  across  the  moon  or  over  an  unus-- 
ually  bright  light  on  the  ground 

(3)  Temjwral  Changes  in  the  Atmosphere 

The  data  collection  sequences  required  considerable  time,  as  detailed  in  the  flight  plans  given  in  Sec¬ 
tion  4.  The  movement  of  clouds  high  overhead,  always  difficult  to  see  at  night,,  was  a  frequent  cause  of 
data  which  could  not  be  usefully  interpreted  This  was  particularly  true  on  moonlight  flights  when  the  up¬ 
per  clouds  were  scattered  or  broken  On  one  occasion.  Flight  100,  a  complete  change  in  the  weather  oc¬ 
curred.  Fortunately,  the  lighting  conditions  were  stable  before  and  after  the  change  so  that  the  resulting 
data  formed  two  reliable  sets.  These  sets  are  given  in  this  report  as  Flights  1001  and  100 II. 

No  data  were  rendered  unreliable  due  to  in  flight  malfunction  of  the  aircraft,,  the  measuring  equipment 
it  carried,  or  to  imperfection  of  performance  on  the  part  of  the  Air  Force  flight  crew  or  the  scientific  party. 


Fret  ision.  Information  pertinent  to  estimating  the  reproducibility  (precision)  of  the  data  presented 
here  will  be  found  throughout  this  report  in  descriptions  of  the  apparatus,  the  flight  procedures,  the  call - 
i  ations,  the  methods  of  data  reduction,  and  the  weather  conditions  It  will  be  no  surprise  that  the  funda¬ 
mental  sources  of  noi se  associated  with  photoelectric  systems  were  more  prominent  in  the  measurements 
made  at  night  than  in  corresponding  measurements  by  day.  No  single  precision  figure  appli es  uniformly 
throughout  the  data  In  fact,  it  is  all  but  impossible  to  associate  a  meaningful  precision  figure  with  such 
final  quantities  as  path  radiance,  directional  path  reflectance-  terrain  reflectance,  etc  ,  sines  these  are 
composite  values  derived  from  many  interlocking  measurements  by  various  sensors  whose  own  precision 
differed  from  moment  to  moment  depending  upon  light  level  at  the  photocathode.  Precision  is  discussed  in 
more  detail  latei  in  tins  section  and  some  best  estimates  are  given. 

■\ rruracy.  Reliability  of  the  data  involves  much  more  than  the  precision  of  the  measurements.  Cor¬ 
rectness  of  absolute  values  (accuracy)  always  depends  upon  the  validity  of  calibrations  and  the  stability 
of  each  measuring  system  with  respect  to  its  calibration.  Accurate  photoelectric  measurements  tural 
lighting  over  enormous  dynamic  ranges  is  a  difficult  matter  even  when  a  single  phototube  is  used,  but  the 
problems  are  compounded  when,,  as  in  the  case  of  the  SHED  LIGHT  program,  many  separate  phototubes 
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were  required,  since  nil  radiometric  system.,  had  to  have  closely  idenfeal  spectral  sensitivities  and  com 
patible  calibrations. 

Phototube  Selection.  It  is  an  inescapable  fact  that  phototubes  of  the  same  make  and  model  are  not 
created  equal  To  the  contrary,  it  is  probable  that  no  two  phototubes  are  identical  in  all  measurable  re¬ 
spects.  Even  the  state-of-the-art  phototubes  used  for  Protect  SHED  LIGHT,  procured  under  stringent  sped 
fications  requiring  careful  selection  by  the  manuiaeturers  were  all  significantly  different.  Each  was 
subjected  to  a  long  series  of  tests  and  further  selection  at  the  Visibility  Laboratory.  These  tests  devi sod 
over  many  years  of  work  on  airborne  photoelectric  measurement  systems,  explore  many  electrical  charac¬ 
teristics,  including  sensitivity,  dark  current,  and  noise.  The  spectral  sensitivity  of  each  tube  and  all  its 
electrical  and  mechanical  properties  was  measured  over  wide  ranges  of  temperature. 

The  characteristics  of  all  photocathodes  are  temperature  dependent  in  a  complex  mannei  (Murray  and 
Manning,  1960,  Boi  leau  and  Miller,  1967).  The  effect  is  not  only  a  simple  change  of  sensitivity  with  tem¬ 
perature;,  it  is  also  a  funefon  of  wavelength  For  example,,  lowering  the  temperature  of  the  cathode  may 
increase  the  sensitivity  by  10%  in  the  short  wavelength  part  of  the  visible  spectrum,  whi  le  the  sensitivity 
in  the  long  wavelength  part  of  the  spectrum  is  decreased  by  50%.  It  is  essential,,  therefore,  that  the  photo 
tube  cathode  be  maintained  at  a  constant  temperature.  In  each  SHED  LIGHT  instrument  a  thermister  bead 
attached  to  the  photocathode  provided  the  input  to  an  electronic  servosystem  which  maintained  the  photo¬ 
cathode  temperature  within  +  0.5°C  of  a  selected  temperature  by  means  of  a  thermoelectric  heater /cooler 
within  the  housing  of  the  phototube 

Microphonic  properties  of  each  phototube  were  measured.  Their  dynamic  responses  were  also  studied, 
it  is  not  uncommon  to  find  otherwise  closely  identical  tubes  that  differ  in  the  times  they  require  to  return 
to  their  normal  sensitivity  after  receiving  a  burst  of  light.  The  light  might  be  due  to  a  lightning  flash 
somewhere  in  the  night  sky  or  to  a  scanner  sweeping  past  the  moon  or  over  some  bright  light  on  the  ground. 
Long  term  drifts  and  many  other  characteristics  were  measured  until,,  finally,  tubes  were  selected  for  spec¬ 
ific  instruments. 

Final  Calibrations.  It  is  necessary  to  make  the  final  absolute  calibrations  and,  where  possible,  to 
also  make  the  final  spectral  sensitivity  checks  after  the  phototube  has  been  mounted  in  the  appropriate 
instrument.  In  every  case  the  final  radiometric  calibration  was  performed  on  the  entire  instrument  When 
necessary,  the  filters  were  altered  to  make  all  spectral  sensitivities  conform  with  the  standard  chosen  for 
the  whole  system. 

In-Flight  Calibrations.  Each  SHED  LIGHT  phototube  housing  contained  a  highly  stable,  self-luminous,, 
radioactive  button  which  served  as  a  midrange  radiance  standard.  Upon  command,  light  from  this  button 
was  presented  to  the  photocathode  and  all  other  light  was  blocked.  Checks  of  absolute  sensitivity  could 
be  made  in  flight  by  means  of  this  internal  radiance  standard.  This  was  done  at  frequent  intervals  through¬ 
out  all  the  in-flight  measurement  sequences,  as  shown  by  the  charts  in  Section  4. 


Stability  of  Calibrations.  A  full  battery  of  the  calibrations  described  above  was  performed  on  each  of 
the  aircraft  and  ground  station  instruments  immediately  before  the  overseas  deployments.  They  were  re¬ 
peated  immediately  after  the  equipment  had  returned  to  the  Laboratory.  It  was  heartening  to  find  that  no 
significant  changes  in  the  shape  of  calibration  curves  had  occurred.  This  was  true  in  the  case  of  both  ex- 
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peditions  to  Thailand  in  view  of  the  frequent  in-flight  calibration  checks  made  with  the  internal  radio¬ 
active  radiance  standards,  there  is  strong  reason  to  believe  that  every  system  performed  in  accordance 
with  its  Laboratory  calibration  at  all  times.  Thus,,  from  the  standpoint  of  instrument  calibration,  the  reli¬ 
ability  of  the  data  is  excellent. 

Radiometric  Standards.  All  of  the  radiometric  data  are  reported  in  absolute  units.  The  calibrations 
upon  which  these  numbers  are  based  made  use  of  incandescent  lamps  calibrated  in  the  Visibility  Labora¬ 
tory  from  several  standard  lamps  purchased  from  the  U.  S.  National  Bureau  of  Standards.  The  techniques 
and  '•quipments  used  for  making  these  secondary  standards  and  for  operating  the  incandescent  standard 
lamps  purchased  from  the  Bureau  of  Standards  were  developed  with  great  care  over  a  period  of  several 
years.  Every  effort  was  made  to  make  our  standard  lamp  facility  represent  the  latest  state  of  the  art. 

In  preparation  for  building  the  best  possible  facility  for  operating  primary  standard  lamps  and  making 
secondary  standards,  an  experienced  Visibility  Laboratory  engineer,  thoroughly  versed  in  the  theory  and 
practice  of  lamp  standardization,  photometry,  and  radiometry,  visited  the  National  Bureau  of  Standards  in 
Washington,  D.  C.  to  observe  the  equipment  and  procedures  used  there.  He  then  visited  the  corresponding 
government  standardizing  laboratories  of  Canada,  Great  Britain,  France,  and  Germany  to  learn  firsthand  the 
techniques  employed  by  those  countries  as  well.  The  lamp  standardization  facilities  subsequently  set  up 
at  the  Visibility  Laboratory  were  based  upon  all  this  information.  These  facilities  represent  the  best  ones 
presently  achievable  for  visible  spectrum  radiometric  calibration. 

It  is  important  to  note  that  all  radiometric  calibrations  involved  in  the  SHED  LIGHT  measurements  were 
based  on  incandescent  standard  lamps  and  attenuations  by  means  of  inverse  square  law  techniques  involv¬ 
ing  every  precaution  and  refinement.  Each  SHED  LIGHT  instrument  had  absolute  calibrations  at  a  minimum 
of  five  different  light  levels  throughout  its  operating  range  and  linearity  checks  at  0.  i  log  intervals.  The 
reliability  of  the  SHED  LIGHT  data  is  believed  to  be  excellent  with  respect  to  both  linearity  and  absolute 
calibration. 

Additional  discussion  of  the  SHED  LIGHT  data  reliability  is  in  Section  6.2. 

SHED  LIGHT  DATA 

Designers  of  SHED  LIGHT  electro-optical  night  vision  devices  need  to  know  the  optica!  signal  avail¬ 
able  at  the  sensor.  Two  quantities  are  required.  (1)  the  apparent  contrast  of  the  object  of  interest  and 
(2)  the  approximate  apparent  radiance  of  its  background.  These  can  be  calculated  from  the  data  in  this 
report.  Ideally,  the  data  should  be  monochromatic  and  known  throughout  the  spectral  range  of  the  sensor. 
The  SHED  LIGHT  data  are  not  monochromatic,  but  they  are  as  narrow  band  as  sensitivity  constraints  per¬ 
mitted  (see  Fig.  1-4).  They  range  from  blue  to  very-near  im.ared.  Illustrative  examples  of  their  use  are  in 
Section  6.2. 

The  experimental  procedures  used  to  collect  the  data  are  based  upon  theory  described  in  the  following 
section.  A  unif<"  system  of  mathematical  notation  is  applied  throughout  this  report,  it  has  been  de¬ 
veloped  with  great  care  over  many  years  and  has  been  used  in  many  publications  and  reports.  Some  of 
these  reports  are  reproduced  as  Appendices  A  through  £.  A  tabulation  of  the  notation  is  given  in  the 
glossary  at  the  end  of  this  report, 


2.  Theory 


2.1  CONTRAST  TRANSMITTANCE 


Contrast  transmittance  brr(z,0,<£)  is  defined  as  the  ratio  of  the  apparent  contrast  Cr{z ,0,6)  to  the  in¬ 
herent  contrast  Co(z,,0,<3): 


bTt(z,e,<!>)  -  Ct(z,0,6)/Co(zt,0.6)  .  (2-1) 

The  parenthetical  modifiers  indicate  the  altitude  z  of  the  sensor  and  the  zenith  angle  0  and  azimuth  6 
of  the  path  of  s'ght.  The  path  length  r  in  the  direction  of  the  path  of  sight  is  between  the  altitude  of  the 
target  zt  and  the  sensor  altitude  z.  For  the  inherent  contrast  the  path  length  is  zero.  The  presubscript 
b  on  the  contrast  transmittance  brrU.0.6)  indicates  background.  The  contrast  transmittance  is  a  function 
of  the  inherent  background  radiance  bNo(z,,0.c5).,  the  atmospheric  beam  transmittance  Tr(z,0),  and  the  path 
radiance  Nr(z,d,d)  of  the  path  of  sight  shown  in  Eq.  2-2  (refer  to  Appendix  B  Eq.  2.4  on  p.  555): 

brr(z/3,<5)  =  [1  +  N*(z,ff,<5b  bNo(zt,f?,cS)Tr(  z,0)\~ 1  .  (2-2) 

2.2  DIRECTIONAL  PATH  REFLECTANCE 

The  concept  of  directional  path  reflectance  (refer  to  Appendix  D  p.  3)  is  utilized  in  an  alternate  form 
of  Eq.  2-2, 


rr{z,0.6)  =  [1  +  Rr(z,fl,cS)/bR0(zt, «,<!>)]' 


(2-3) 
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where  is  the  directional  background  reflectance.  By  definition,  the  directional  path  ref  lei 

tance  is 


R*(2 .0.6)  .7  Nr(2,d,(/>)/H(2,,d)  Tr(z,d) ,  (2-4 ) 

where  H(2  ,d)  is  the  downwellmg  irradiance.  We  have  chosen  to  present  the  atmospheric  data  in  the  form 
of  directional  path  reflectance  since,,  in  this  form,  it  can  oe  easily  nti lized  with  the  directional  reflectance 
of  a  variety  of  backgrounds  smaller  in  extent  but  different  from  the  heterogeneous  background  which  con¬ 
tributed  to  the  path  radiance  and  downwellmg  irradiance.  The  directional  path  reflectance  is  also  the  most 
convenient  form  of  presenting  the  atmospheric  data  for  easy  use  to  obtain  contrast  transmittance. 


2.3  BACKGROUND  REFLECTANCE 

The  inherent  background  reflectance  is  defined  as 

hR0(2,.R,6)  =  7  bNo(zt.0.<6).'mz,.d)  .  (2-5) 

where  H(z,,d)  is  the  downwellmg  irradiance  at  the  target  altitude  (refer  to  Appendix  B.  p  558  or  Boileau 
and  Gordon,  p.  805  (1966)).  The  inherent  background  reflectance  may  be  obtained  from  either  |1 )  a  mea¬ 
surement  by  a  ground-based  telephotometer+  (refer  to  Section  7  and  Appendix  B),  or  (2)  measurements  by 
an  airborne  telephotometer.  In  this  repat  airborne  telephotometer  data  from  the  lowest  altitude  of  flight 
not  interpolated  to  ground  level  were  used  to  obtain  the  terrain  reflectances  reported  in  Section  6.3  for 
each  flight. 


2.4  DOWN  WELLING  IRRADIANCE 

The  irradiance  used  to  compute  the  directional  path  reflectance  FHz.d.eVi  and  the  airborne  terrain  re¬ 
flectance  is  computed  from  data  at  the  lowest  altitude  of  flight  by  the  equation 

H(z,d)  =  J  N  (z,0'.6‘  )  cos  O'  dfi  ,  (2-6) 
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where  N(z,0'.^ ’>  is  the  sky  radiance  at  direction  O' ,6  .  Using  the  same  equation,  the  upwelling  irradi¬ 
ance  H(z,u)  is  computed  by  replacing  the  sky  radiances  with  apparent  terrain  radiances  from  the  lower 
hemisphere  scanner.  The  O'  would  then  be  the  nadir  angle  so  that  cosd'  is  positive  The  albedo  At  z) 
is  the  ratio  of  the  upwelling  to  downwellmg  irradiance  H(z,u)/H(z.d) 


^Although  the  measurements  arc  radiomen  ic  a-  opposed  (<>  photometric  tile  instrument  used  to  pcrlorm  these 
measurements  is  referred  to  herein  as  a  "telephotometer"  in  lieu  of  tile  more  prei  so  term  "teleradiometer"  . 
This  is  in  keeping  with  the  practice  established  in  previous  publications. 
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A  second  type  of  irradiance  is  the  scalar  or  nondirectional  irradiance 


h(z,d)  - 


J  N(z.fl',<.V)dft  . 

in 


(2-7) 


The  scalar  irradiance  is  not  weighted  by  the  cosine.  The  upwelling  irradiance  from  zenith  angles  between 
90;1  and  180°  is  designated  by  h(z.u)  and  computed  by  using  Eq.  2-7  also.  The  total  scalar  irradiance  is 
is  the  sum  of  the  upwelling  and  downweiling  scalar  irradiances  h(z)  -  h(z,u)  +  h(z,d)  The  scalar  albedo 
is  defined  as  the  ratio  of  upwelling  to  downweiling  scalar  irradiance,  h(z  u)/h(z,d).  For  a  full  discussion 
of  scalar  irradiance  and  scalar  albedo  uses  refer  to  Appendix  E. 


2.5  BEAM  TRANSMITTANCE 

The  beam  transmittance  Tr(z,d)  is  obtained  directly  from  the  total  scattering  coefficient  s(z)  by  means 
of  Eq.  2-8.  (Refer  also  to  Appendix  C,,  p.  570).  When  there  is  no  significant  atmospheric  absorption  in  the 
passbands  of  the  measurements,  e.g.,  from  smoke,  dust,  or  smog,  the  attenuation  coefficient  a(z)  is  equiv¬ 
alent  to  the  scattering  coefficient  s(z).  Therefore, 

Tr(z,0)  -  EXP  [-2  «(z.)  Ar]  =  EXP  [-2  s(z,)  Ar]  .  (2-8) 

The  incremental  path  length  \r  used  was  30.5  m  (100  ft).  The  measured  total  scattering  coefficient  data 
were  extrapolated  to  ground  level  by  assuming  an  optical  standard  atmosphere,  Duntley  (1948),  for  the  in¬ 
terval  between  the  lowest  altitude  of  measurement  and  ground  level: 

s( 0)  =  s(z)  exp  (z/9140  m)  .  (2-9) 

Similarly,  upward  extrapolations  were  made  to  1829  m  (6000  ft)  above  ground  level  when  the  highest  flight 
altitude  was  less  than  1829  m. 

All  altitudes  reported  herein  are  between  ground  level  and  1524  m  (5000  ft).  For  all  paths  of  sight 
at  zenith  angles  94  \r  equals  \z  seed,  for  these  altitudes.  The  A r  is  always  nonnegative  since  A z 
is  defined  as  z,  -  z,  (the  subscripts  increase  with  the  flux  direction).  See  Fig.  2-1. 


s>  Z1 


'N< 


Kir.  2  1.  Path  Length  Ceometry 
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For  zenith  angles  94",  the  beam  transmittance  can  also  be  expressed  as  a  function  of  the  vertical  beam 
transmittance  Tr( z,  1 80 )  as  follows: 


Tr(z,0)  Tr{z,  180) • ser^'  . 


(2-10) 


2.6  EARTH  CURVATURE 

For  the  path  of  sight  at  93''  zenith  angle,,  the  \r  for  \z  -  30.5  m  (100  ft)  is  10%  longer  at  ground  level 
than  at  1524  m  due  to  the  curvature  of  the  earth.  Therefore,  for  this  path  of  sight,  the  incremental  path 
length  \r  is  computed  from 


\r  -  (C  +  z , )  sin  (0"  +  0  -  180°)/sin  (180°-  0)  .  (2-11) 

The  £  is  the  radius  of  the  earth  and  0"  is  the  zenith  angle  for  the  upward  path  initiating  at  z ,  from  the  op¬ 
posite  direction  to  the  downward  path  at  zenith  angle  0.  See  Fig.  2-2. 


Fig.  2-2.  Incremental  path  length  Ar  for  near  horizontal  slant  paths  at  paths  of  sight  zenith  angle  0. 

Zenith  angle  0 "  is  the  flux  direction  of  the  same  path.  The  angle  0 "  is  not  equal  to  180° -0 
due  to  the  curvature  of  the  earth. 
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The  zenith  angle  0"  is  found  by 


sin#"  =  (Az  +  C  +  z,)/(£  +  z,)  sin(180°-  6)  .  (2-12) 

2.7  PATH  RADIANCE 

Path  radiance  N*(z,0,d>)  for  the  downward- looking  path  of  sight  is  the  integration  or  summation  of  the 
path  function  N.(z ,0,6)  weighted  by  the  beam  transmittance  Tn(z,0).  Path  length  r,  is  from  the  incre¬ 
mental  path  Ar  to  the  sensor  at  z: 

Nr*(z.0,<£)  =  £  H,(zt.d,6)  Tri(z,0)  Ar  .  (2-13) 

1  --  1 

(Refer  to  Appendix  A,  Eq.  17  on  p.  502.)  The  path  function  N.fz^O,^)  is  the  product  of  the  equilibrium 
radiance  N^z^tf,^)  and  total  scattering  coefficient  s(zt)  [refer  to  Appendix  A,  Eq.  1 1  on  p.  502,,  since 
s(z)  ^  1/L(z)]: 

NJz ,,0,40  =  isgz,, (?,<£)  s( z. )  .  (2-14) 

2.8  EQUILIBRIUM  RADIANCE 

The  equilibrium  radiance  (refer  to  Appendix  A,  p.  502,  and  Appendix  E,  p.  15)  is  first  computed  from 
the  measurements  made  at  each  of  the  altitudes  of  level  flight  (at  approximately  305  m  [1000  ft]  intervals) 
and  then  interpolated  and  extrapolated  to  obtain  values  at  each  30.5  m  (100  ft)  interval  z_.  To  compute  the 
equilibrium  radiance  the  following  equation  is  used  (refer  to  Appendix  E,  Eq.  16® on  p.  16)' 

Nq(z .0.6)  =  /  N(z,<M')  dQ  ,  (2-15) 

ATT  s(z) 


where  N(z,0',<£')  is  the  apparent  radiance  of  the  sky,  moon,,  or  ground  for  direction  O'  and  6'.  The 
ratio  <r(z,/3')/s(z)  is  the  proportional  directional  scattering  coefficient  at  angle  {S'  and  altitude  z.  The 
fi'  is  .he  angle  between  the  path  of  sight  at  0,6  and  the  radiance  at  O' ,6' ■  It  is  found  by 

cosp'  -  sinO  Sind  sin#'  sind>'  +  sin(?cosd>  sinfl'  coscS'  +  cos  0  cos  O'  .  (2-16) 


0 

Since  the  moon  radiance  was  included  m  the  sky  measurements,  the  separate  term  for  the  scalar  irradiance  of  the 
sun  (or  full  moon)  hs  (the  first  term  of  the  right  member  of  Kq.  l(i)  reduces  to  zero.  Equation  l(i  applies  equally 
well  to  real  and  model  atmospheres. 
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It  is  the  scalar  irradiance  which  designates  the  flux  that  enters  into  the  computations  of  equilibrium 
radiance  and  path  function  when  the  directional  radiances  are  not  known  or  used.  It  is  the  directionality 
of  that  flux  combined  with  the  directionality  of  the  volume  scattering  function  which  produces  the  unique 
equilibrium  radiance  associated  with  each  path  of  sight. 


2.9  PROPORTIONAL  DIRECTIONAL  SCATTERING  COEFFICIENT 

The  proportional  directional  scattering  functu  ’  is  found  by  combining  the  Rayleigh  scattering  compon 
ent  and  the  Mie  scattering  component: 


R  [ 


oU.ft')  S(Z) 


Dslz) 


<’(/*' ) 


+  Ms(z) 


)  \  i 

- !  hs(z) 

S(z)  I 


(2-17) 


The  Rayleigh  scattering  coefficient  Ks(z)  is  computed  from  the  values  of  Rayleigh  volume  scattering  coef 
ficient  taken  from  Penndorf  (1957)  for  0  C  sea  level  pressure  at  the  mean  wavelength  of  each  passband 
and  corrected  to  ambient  temperature  and  pressure  by  the  ideal  gas  law  equation  Since  the  Rayleigh  scat 
tering  is  a  direct  function  of  density,. 


Rs(z)  r  Rs(0)  P(z)/|T(z)  3.71  E  3|  ,  (2-18) 

where  P(z)  is  pressure  in  dynes  cm-2,,  T(z)  is  temperature  in  degrees  Kelvin,,  and  3  71 E  3*  has  units  of 
dynes  cm-2  CK-1  and  is  the  density  at  standard  sea  level  pressure  and  0  C  temperature  times  the  umversa 
gas  constant.  The  proportional  directional  scattering  function  for  Rayleigh  scattering  R\a(ft)  s|  is  not  a 
function  of  altitude  so  the  parenthetical  modifier  is  not  used;  it  is  found  by 


R[  u(fi)  /  s  1  =  (1  +  cos2  ft)  3(16“)  . 


(2-19) 


The  Mie  scattering  coefficient  at  measurement  altitude  z  is  the  measured  scattering  coefficient  minus  the 
Rayleigh  coefficient  computed  from  Eq.  2-18  above 

Ms(z)  =  s(z)  -  Rs(z)  .  (2-20) 


*Thi’  form  of  i  71K  :i  is  the  computer  u.i\  nt  u<-iuiik  >  71  \  ID*.  Tin-,  lomputer  form  i-  used  thri«ii:h<>ul  the  leport. 


The  Mie  volume  scattering  function  M  |  «(z. /■{)  /  s{z) !  is  taken  from  a  catalog  of  values  derived  from 
data  on  photopic  volume  scattering  functions  published  by  Barteneva  (1960)  (refer  to  Appendix  FI  for  a 
range  of  total  scattering  coefficients  from  near  Rayleigh  atmosphere  to  heavy  fog.  The  Barteneva  volume 
scattering  functions  shew  a  good  correlation  with  total  scattering  coefficient  in  the  range  of  scattering  be¬ 
low  the  limit  for  visual  flight  rules  (6.2E-4/m).  Good  correlation  is  also  shown  for  the  Barteneva  functions 
with  the  ratio  of  directional  scattering  coefficients  at  scattering  angles,  fi  =  30’  and  150°, 

I M  [rr(z,30)/<r(z, 150)1  I .  Since  reliable  airborne  data  on  volume  scattering  function  were  not  available, 
the  total  scattering  coefficient  for  Filter  5  was  assumed  to  be  reasonably  similar  to  the  photopic  coeffic¬ 
ient  and  the  selection  from  the  Barteneva  catalog  made  accordingly The  Mie  volume  scattering  functions 
thus  selected  were  used  for  all  five  filters  at  that  altitude. 


t  Volume  Hfiitterinn  functions  were  recorded  M  I„op  liiiri  und  Kliorat  durian  the  period  of  10  March  to  2  April  10(19  by 
AKCRI,  personnel  for  wavelengths  of  47").  fil'i.  000.  nnd  "do  mn.  One  Ah'CKI,  station  date  coincides  with  SIIKI) 
LIGHT  Rround  station  No.  2.0  and  two  dates  correspond  with  Klitthts  9<i  and  09.  The  AKCRI,  relative  volaine  scat¬ 
tering  function  data  arc  currently  bcia«  extrapolated  to  ji  0°  and  /f-  100°  |,v  I'nMnwiiiu  Barteneva's  method  of 
Kraphint;  volume  scntterinK  function  vs  ensfi  and  .•xlrapolatinn  the  function  to  B  -  0°  nnd  ft  -  1X0°.  The  AKCRI. 
relative  volume  scntterinK  functions  will  then  lie  inteKrated  to  provide  a  relative  sHH  and  he  divided  by  that  value 
to  obtain  values  of  n  tQ.fi s(z).  These  iiroport  tonal  volume  sealterinK  functions  will  (hen  be  eoinpared  to  values 
of  a  <n,.'t(T'i  .'still  and  ur0.ir,0°»/s<0»  for  irround  station  :’.0  anil  to  the  values  of  nlx./i  >/ slz»  obtauied  |>,v  the  me- 
ihofl  IcserilH’d  above  and  used  for  the  lowest  altitude  of  measurement  for  Kliitbls  !M>  and  00. 
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6.  instrumentation 


The  scientific  instrumentation  utilized  for  the  SHED  LIGHT  task  falls  into  three  basic  categories: 
(1)  radiometric,  (2)  meteorological,,  an--1  (3)  control  and  communication.  Each  of  these  categories  con¬ 
tains  several  different  types  of  instrument  systems.  For  convenience,,  all  significant  instrument  systems 
are  tabulated  in  Table  3-1.  Each  s 'Stem  and  its  peculiarities  are  discussed  in  the  following  paragraphs. 

3.1  RADIOMETRIC  SYSTEMS 

A  standardized  radiometer  has  been  developed  by  the  Visibility  Laboratory  and  has  been  used  as  the 
basic  detector  configuration  of  all  Pi  eject  SHED  LIGHT  activities.  A  typical  standardized  radiometer  con¬ 
sists  ol  five  major  assemblies,  as  noted  in  Table  3-1  and  listed  below. 

1.  Multiplier  Phototube  Assembly 

2.  Temperature  Control  Horn  Mg  Assembly 

3.  Optical  Filter  Assembly 

4.  Radiometer  Measuring  Circuit  Assembly 
5  Optical  Collector  Assembly 


These  assemblies  are  generally  interchangeable,,  allowing  easy  field  cannibalization  in  the  event  of  a  cat¬ 
astrophic  failure  of  an^  assembly  in  a  key  system.  All  assemblies  mate  in  pressure  seals  which  allows 
each  section  to  be  purged  i;h  dry  nitrogen  and  maintained  at  approximately  5  psi  positive  pressure. 
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Table  3-1.  Project  SHED  LIGHT  Instrumentation 


I  Radiometric 


A.  Multiplier  Phototube  Assembly 

B.  Temperature  Control  Housing  Assembly 

C.  Optical  Filter  Assembly 

D.  Radiometer  Measuring  Circuit  Assembly 

E.  Optical  Collector  Assembly 

1.  Automatic  2 77  Scanner  Assembly 

2.  integrating  Nephelometer  Mode  Selector  Head  Subassembly 

3.  Dual  Irradiometer  Assembly 

4.  Large  Aperture  Telescope  Assembly 


Vertical  Path  Function  Meter  Assembly 


II  Meteorological 


A.  Royco  Model  220  Particle  Counter 

B .  Cambridge  Model  137-C3  Aircraft  Hygrometer  System 

C.  AN/AMQ-17  Aerograph  Set 

D.  Bourns  Model  430/ 530  Absolute  Pressure  Transducer 

E.  Bourns  Model  509  Differential  Pressure  Transducer 

F.  Bendix  Model  566  Aspirated  Hygrometer 

G.  Science  Associates  Windspeed  and  Direction  Set 

H.  Taylor  Model  SMT-5-51  Aneroid  Barometer 


III  Control  and  Communication 


A.  2n  Scanner  Control  Console 

B.  Photometer  Temperature  Control  Panel 

C.  Optical  Filter  Control  Panel 

D.  Ten  Slide  Photometer  Module 

E.  Camera  Control  Panel 

F.  Flight  Dynamics  Display  Panel 

G.  42  Channel  Data  Logger 

H.  20  Channel  Data  Logger 


MULTIPLIER  PHOTOTUBE  ASSEMBLY 

The  basic  detector  in  all  these  systems  is  a  multiplier  phototube.  A  typical  assembly  is  illustrated  in 
Fig.  3-1.  Several  functions  are  performed  by  this  assembly.  The  cylindrical  aluminum  slug  acts  as  a  me¬ 
chanical  support  for  the  multiplier  phototube,  the  emitter/ follower  circuit,  the  temperature  control  thermo¬ 
stats,  and  an  Isolite  photometric  standard  source.  The  slug  also  acts  as  a  thermal  dashpot  to  aid  in  main¬ 
taining  a  constant  cathode  temperature  on  the  multiplier  phototube. 

Two  types  of  multiplier  phototubes  were  used  during  the  SHED  LIGHT  program.  Tne  primary  detector 
was  an  EMR  541E  fourteen- stage,  end-on  tube  having  zr  $-20  spectral  response.  Nine  assemblies  contain¬ 
ing  the  541E  tube  were  built  for  this  program.  The  seconoary  detector  was  an  EMR  543C  fourteen- stage, 
end-on  tube  having  an  S-1  spectral  response.  Six  assemb  ies  containing  the  5430  tube  were  built. 
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Fig.  3-1.  Typical  Multiplier  Phototube  Assembly 


I 


The  thermostats  which  are  mounted  in  this  assembly  are  the  control  elements  for  the  photometer  tem¬ 
perature  control  panel  system  listed  in  Table  3-1.  These  Philadelphia  Scientific  Glass  Co.  TM  802  mercury 
column  thermostats  are  selected  to  maintain  the  multiplier  phototube  assembly  at  25°C  for  the  S-20  hous¬ 
ings  and  at  10°C  for  the  S-1  housings. 

The  Isolde  photometric  reference  sources  are  mounted  on  this  assembly  to  ensure  their  temperature 
stability  These  sources  utilize  a  K'US  gas  exiter  and  a  USRC-L-1614  phosphor.  They  generate  approxi¬ 
mately  1200  /d  as  a  luminous  reference  source.  In  some  systems,,  the  small  amount  of  alpha  radiation  es¬ 
caping  from  these  sources  generated  an  undesirable  false  signal  m  the  detector  circuit.  In  these  cases 
the  substitution  of  a  C-14  exciter  was  made  This  reduced  the  luminous  output  to  about  8  jil  but  elimi¬ 
nated  the  alpha  radiation  problems. 


TEMPERATURE  CONTROL  HOUSING  ASSEMBLY 

The  temperature  control  housing  is  illustrated  in  Fig.  3-2.  This  assembly  mechanically  surrounds  the 
multiplier  phototube  assembly  and  provides  the  heat  pumping  necessary  for  maintaining  temperature  sta¬ 
bility.  Tne  active  elements  3re  Cambion  model  3951  thermoelectric  junctions.  Two  of  these  junctions  lo¬ 
cated  symmetrically  about  the  multiplier  phototube  assembly-  ensure  efficient  thermal  control.  To  optimize 
thermal  pumping  in  the  high  ambient  temperatures  anticipated  during  the  SHED  LIGHT  mission,  the  outer 
Surface  of  the  temperature  contiol  housing  was  finned  and  shrouded  for  for  zed  sir-cooling.  On  systems  as¬ 
signed  to  an  airborne  application  the  shroud  is  ducted  to  collect  ram  air  induced  by  the-  velocity  of  the  air¬ 
craft.  On  systems  assigned  to  ground-based  applications,,  an  alternate  shroud  containing  an  integral  muf¬ 
fin  fan  is  utilized. 


Fig.  3-2.  Tompcrnturc  Control  Housing  Assembly 


OPTICAL  FILTER  ASSEMBLY 

A  typical  optical  filter  assembly  is  illustrated  in  Fig.  3-3.  These  filter  changing  mechanisms  are  de¬ 
signed  to  mechanically  and  optically  interface  with  all  temperature  control  housings  and  optical  collector 
assemblies.  Each  is  an  electrically  independent  device  which  can,  upon  electrical  command,  interpose  any 
one  of  six  optical  filter  holders  into  the  optical  path. 

For  the  SHED  LIGHT  missions,,  each  of  these  filter  changers  contained  four  Baird-Atomic  type  B-3  visi- 
ible  spectrum  interference  filters,  one  UV  rejection  filter,  and  one  memory  reference  system  mirroi.  The 
type  8-3  filters  had  center  wavelengths  of  475  nm,  515  nm,  660  nm,  and  745  nm.  A  filter  changer  of  this 
type  was  assigned  to  each  of  the  eight  pi  imary  S-20  detector  systems. 
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RADIOMETER  MEASURING  CIRCUIT  ASSEMBLY 

A  standardized  radiometer  measuring  circuit  has  been  utilized  with  all  systems  described  in  this  sec 
tion.  It  is  a  solid  state  package  designed  for  use  on  the  28  vdc  aircraft  power  It  consists  of  three  basic 
subassemblies:  a  multiplier  phototube  and  emitter  follower  stage,  a  high  voltage  and  readout  section,  and 
a  general  purpose  power  supply.  In  the  operational  mode,  all  three  subassemblies  are  linked  in  a  closed 
loop  feedback  circuit  which  servos  the  high  voltage  applied  to  the  multiplier  phototube.  The  feedback  loop 
maintains  a  constant  anode  current  by  inversely  varying  the  high  voltage  with  the  flux  incident  at  the 
photocathode.  A  typical  electrical  schematic  of  the  Visibility  Laboratory  model  5  photometer  circuit  is 
illustrated  in  Fig.  3-4  and  typical  subassemblies  are  shown  in  Figs.  3-5  and  3-5A. 

This  particular  circuit  is  readily  adaptable  for  use  with  any  multiplier  phototube  Anode  current  levels 
and  therefore  basic  radiometric  sensitivity  can  be  easily  altered  by  changing  only  the  anode  load  resi  tr 
For  the  SHED  LIGHT  program  this  circuit  was  used  with  a  1000  megohm  anode  load  in  all  54 1 E  circuits  u.id 
with  a  100  megohm  load  in  the  543C  circuits. 
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For  packaging  convenience,  nine  high  voltage  and  readout  sections  plus  a  single  shared  power  supply 
are  grouped  into  a  single  module.  This  composite  assembly  is  referred  to  in  the  Control  and  Communica¬ 
tions  Section  as  the  ten  slide  photometer  module,  Two  ten  slide  modules  and  14  high  voltage  and  readout 
sections  were  provided  for  the  SHED  LIGHT  activity. 

OPTICAL  COLLECTOR  ASSEMBLY 

Five  basic  collector  assemblies  were  used  in  combination  with  the  basic  detector  configurations  de¬ 
scribed  in  the  preceding  sections.  The  only  major  differences  between  the  various  radiometer  svstems 
described  in  this  report  are  the  differences  in  these  five  collector  assemblies.  The  basic  assemblies  tab¬ 
ulated  in  Table  3-1  are  listed  below  for  convenience. 

1.  Automatic  2tt  Scanner  Assembly 

2  Integrating  Nephelometer  Mode  Selector  Head  Subassembly 

3.  Dual  Irradiometer  Assembly 

4.  Large  Aperture  Telescope  Assembly 

5  Vertical  Path  Function  Meter  Assembly 

These  typical  assemblies  are  described  briefly  below. 

Automatic  2rr  Scanner  Assembly  (See  Figs.  3-6  and  3-7.)  This  collector  assembly  is  essentially  a 
small  telescope  that  can  be  directed  to  optically  scan  any  point  within  a  2.7  steradian  field  of  view.  The 
telescope  itself  has  only  a  5°  field  of  view  with  an  objective  lens  9  5  mm  in  diamptpr 
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The  telescope  subassembly  is  integrally  mounted  in  an  azimuth  and  elevation  drive  subassembly  which 
is  remotely  controlled  by  servo  transmitter  follower  circuits  The  sweep  pattern  for  the  field  of  view  is 
determined  by  a  solid  state  logic  circuit  contained  in  the  2 77  scanner  control  console.  For  the  SHED  LIGHT 
mission  the  airborne  scanners  were  directed  to  rotate  .n  the  azimuth  at  a  constant  rate  of  360°  per  second. 
The  elevation  drive  simultaneously  followed  a  variable  rate  ramp  function.  The  resultant  sweep  pattern 
covered  a  full  2 rr  steradian  in  32  seconds.  An  alternate  scan  rate  was  available  for  selection  at  the  dis¬ 
cretion  of  the  system  operator.  This  alternate  scan  covered  the  2 rr  steradian  field  in  160  seconds. 

Since  the  2-  scanner  azimuth  and  elevation  drive  subassembly  is  a  slaved  unit,  it  may  also  be  driven 
by  manually  controlled  servo  transmitters  This  enables  the  system  operator  to  manually  direct  the  point¬ 
ing  of  the  telescope  line  of  sight  at  his  discretion  This  option  is  also  accomplished  at  the  2n  scanner 
control  console 

Four  telescope  and  azimuth  and  elevation  drive  subassemblies  were  built  for  this  project  mission 
They  are  reasonably  identical  and  can  be  readily  interchanged  in  the  field,  They  interface  mechanically 
and  optically  with  any  of  the  optical  filter  assemblies  discussed  previously. 

Two  of  these  2n  scanner  assemblies  are  normally  mounted  on  the  project  aircraft.  One  is  located  on 
the  top  of  the  fuselage  for  scanning  the  upper  hemisphere  radiance  distributions  and  the  other  is  located 
on  the  bottom  of  the  fuselage  for  scanning  the  lower  hemisphere  radiance  distributions. 

The  two  remaminq  automatic.  2.-r  scanners  are  normally  assigned  to  the  project  ground  station.  (See 
Figs.  3-7A  and  3  78  for  ground  station  instrument  setups.)  In  ‘his  application  they  may  be  oriented  to  scan 
either  upper  hemisphere  radiances  or  inherent  terrain  radiances  at  the  discretion  of  the  system  operator. 


InU’f’rulinf!  Srphelomctcr  Mode  Sr/ri  lor  lli’tul  Sithrisscmblv.  (See  Figs.  3-8  and  3-9.)  In  order  to  mea¬ 
sure  and  evaluate  the  total  scattering  coefficient  of  typical  real  aerosols,  the  Visibility  Laboratory  has 
devised  and  built  an  instrument  referred  to  as  an  integrating  nephelometer.  This  device  measures  the  ra¬ 
diant  flux  scattered  from  the  well-defined  flux  beam  of  a  high-inter  sity  projector.  The  scattered  flux  is 
collected  simultaneously  through  three  different  optical  channels,,  sorted,  and  routed  to  the  detector  as¬ 
sembly  for  measurement. 

The  rrv’de  selector  head  is  the  subassembly  which  collects,  sorts,  and  identities  this  flux  prior  to  its 
arrival  at  the  detector. 


Kig.  Integrating  Nephelometer  Aircraft  Installation 
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The  mode  selector  head  contains  th.ee  optical  input  channels  but  only  one  optical  output.  A  rotating 
y  .sm  subassembly  allows  the  system  operator  to  select  any  one  input  channel  for  optical  coupling  with 
the  output  channel,  while  simultaneously  occulting  the  remaining  two.  The  resultant  time-sharing  of  a 
single  detector  assembly  yields  a  device  optimized  for  ratio  type  measurements. 

The  two  outermost  input  channels  of  the  mode  selector  head  are  simple  telescope  subassemblies,,  while 
the  centrally  located  third  is  an  irradiometer  subassembly.  The  complete  three  channel  collector  is  oriented 
adjacent  to  the  flux  beam  of  the  projector  as  illustrated  in  Fig.  3-10.  In  this  orientation,  one  telescope 
collects  flux  scattered  from  the  beam  at  the  forward  scattering  angle  of  30r',  while  the  other  collects  flux 
from  the  beam  at  the  back  scattering  angle  of  150°.  The  collection  apertures  are  4.79  cm  in  diameter  and 
the  telescope  has  a  2°  field  of  view.  The  irradiometer,  which  is  mechanically  corrected  to  yield  a  nearly 
cosine  acceptance,  collects  flux  scattered  from  the  beam  at  all  scattering  angles  between  5° and  170°. 


From  properly  calibrated  measurements  of  the  scattered  flux  made  through  the  two  telescope  channels, 
one  may  derive  a  value  for  the  directional  scattering  coefficient  of  the  aerosol  within  the  scattering 
volume. 

In  a  similar  manner,  properly  calibrated  measurements  cf  the  scattered  flux  made  through  the  irradi¬ 
ometer  channel  yield  values  for  the  total  scattering  coefficient  of  the  sample  aerosol. 

The  details  of  the  operational  concept  and  calibration  technique  for  this  instrument  are  covered  more 
thoroughly  in  two  separate  memoranda  currently  being  prepared  for  publication. 

Two  complete  integrating  nephelometer  instruments  were  fabricated  for  the  SHED  LIGHT  mission.  Each 
instrument  was  made  up  of  two  mode  selector  head  subassemblies  complete  with  detector  and  filter  sub- 
assemblies  (one  for  the  S-20  multiplier  phototube,  the  other  for  the  S-1  multiplier  phototube),  one  high- 
intensity  projector,  and  an  ambient  light  shroud. 
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All  four  of  the  mode  detector  head  subassemblies  are  identical  and  interchangeable  The  two  projec¬ 
tors  and  shrouds  were  customized  according  to  whether  they  were  for  airborne  or  giound-beserJ  operation. 
See  Fig.  3-11. 


Fig.  3-11.  Air  and  Ground  Nephelomctor  Shrouds 


Dual  Irradiometer  Assembly.  (See  Figs.  3-12  ana  3-12A, )  The  dual  irradiometer  assembly  is  a  two 
channel  irradiometer.  It  has  two  optical  input  channels  but  only  one  optical  output  A  rotating  prism  sub¬ 
assembly  allows  the  system  operator  to  select  either  input  channel  for  optical  coupling  with  the  output 
channel,  while  simultaneously  occulting  the  other,  The  resultant  time-sharing  of  a  single  detector  assem¬ 
bly  yields  a  device  optimized  for  ratio  type  measurements. 

The  flat  plate  diffuse  collector  surfaces  used  in  this  assembly  are  mechanically  corrected  to  yield  a 
cosine  collection  characteristic  within  ±2%  for  all  angles  of  incidence  between  0°and  80°. 

The  dual  irradiometer  assembly  is  mounted  in  the  aircraft  wingtip  so  that  the  flat  plate  collectors  are 
horizontal.  In  this  configuration  the  upper  channel  receives  radiant  flux  from  the  entire  hemisphere  above 
the  aircraft  and  the  lower  channel  receives  radiant  flux  from  the  entire  hemisphere  below  the  aircraft. 
These  measurements  of  downwelling  and  upwelling  irradiance  can  be  used  both  in  the  calculation  of  direc¬ 
tional  terrain  reflectances  and  in  inter-system  data  .alidation  checks. 

Two  dua1  irradiometer  assemblies  were  fabricated  for  the  SHED  LIGHT  mission.  8oth  were  assigned  to 
the  aircraft,  one  using  an  S-20  detector  assembly  and  the  other  using  an  S-1  detector  assembly. 
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Large  Aperture  I rh-stopc  Assembly.  (Sec  Fig,  3-13  )  This  telescope  assembly  is  used  in  the  rad¬ 
iometer  system  which  functions  as  a  backup  system  for  measuring  very  Sow  flux  levels.  The  airborne  tele¬ 
scope  assembly  has  a  5U  circular  field  of  view  and  an  objective  lens  6.2  cm  in  diameter.  With  this  larger 
collection  aperture,  flux  levels  significantly  lower  than  the  detection  threshold  of  the  2??  scanner  assem¬ 
bly  can  be  reached  and  adequately  measured.  The  ground-based  large  aperture  telescope  field  of  view  is 
2°  by  5°. 


Fig.  3-la.  Lnrgo  Aperture  Telescope  Assemciy 


Three  large  aperture  telescope  assemblies  were  fabricated  for  the  SHED  LIGHT  mission.  Two  were  as¬ 
signed  to  the  aircraft  for  monitoring  apparent  nadir  terrain  radiances.  The  third  was  assigned  to  the  qround 
station  for  measurement  of  inherent  terrain  radiance. 

Several  special  purpose  ground-based  frames  and  tripods  were  used  with  this  radiometer.  They  were 
primarily  aids  in  making  measurements  of  directional  terrain  reflectance,  in  ail  cases  they  were  manually 
operated  dev >ces  that  functioned  to  ensure  high  reproducibi,1  v  in  aiming  the  telescope  optical  axis.  One 
such  device,  referred  to  as  the  ground  goniophotometer  assembly,  is  illustrated  in  Fig.  3-14. 

Vertical  Path  l 'unction  Meter  Assembly.  The  vertical  path  function  meter  is  a  radiometer  and  shroud 
assembly  designed  ;o  measure  the  radiant  flux  scattered  from  a  small,  well-defined  volume  of  aerosol.  The 
device  is  illustrated  in  Figs.  3-14A  and  3-14B.  Earlier  models  of  airborne  path  function  meters  ar.d  their 
utilization  are  referred  to  in  Appendix  A. 
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The  most  significant  feature  of  the  current  mode!  is  that  its  orientation  can  be  changed  during  flight. 
The  scattering  volume  is  2.5  cm  in  diameter  and  30.5  cm  long.  It  is  defined  by  the  cylindrical ly  limited 
field  of  view  of  the  component  telephotometer  and  the  two  tapered  sunshades  shown  in  the  illustration. 
The  entire  assembly  can  be  rotated  180°  in  approximately  1  minute.  When  the  aircraft  is  flying  straight 
and  level,  this  plane  of  rotation  is  vertical.  Measurements  of  path  function  can  be  made  at  zenith  angles 
between  0C  and  180°  at  azimuths  corresponding  to  the  aircraft  heading. 

The  ability  to  make  direct  measurements  of  path  function  at  inclined  lines  of  sight  during  ascending 
and  descending  daytime  flight  patterns  is  essential  for  validating  the  data  processing  technique  used  with 
the  r.ighitime  data  packages. 

3.2  METEOROLOGICAL  SYSTEMS 


All  of  the  meteorological  systems  utilized  in  this  project  were  purchased  items.  The  operating  char¬ 
acteristics  of  each  are  available  in  their  manufacturer's  brochures.  Only  a  summary  of  their  main  features 
and  characteristics  are  presented  in  this  report. 

The  airborne  meteorological  package  consists  of  one  Royco  model  220  particle  counter,  one  Cambridge 
model  137-C3  aircraft  hygrometer  system,  one  AN/AMO -17  aerograph  set,  and  two  Bourns  aneroid  pres¬ 
sure  transducers. 

All  the  airborne  meteorological  transducers  and  sampling  probes  are  located  on  an  external  fin  which 
extends  outward  from  the  aircraft  fuselage.  The  fin  is  located  cn  the  fight  side  of  the  aircraft  and  forward 
of  the  propellers.  It  is  illustrated  in  Fig.  3-15. 


Fig.  -1-15,  M<’<i*nra!nj{i(!n!  Km 


The  ground-based  meteorological  package  war-  less  extensive,  consisting  only  of  one  Royco  model  220 
particle  counter  (discussed  in  the  following  paragraph),  one  Bendix  model  566  aspirated  hygrometer,  one 
Science  Associates  windspeed  and  direction  set,  and  one  Taylor  model  SMT-5-51  aneroid  barometer. 

AIRBORNE  METEOROLOGICAL  PACKAGE 


Royco  Model  220  Particle  Counter.  This  device  »s  used  to  determine  the  number  and  size  of  aerosol 
particles  which  are  present  in  a  sample  volume  of  air.  To  do  this  a  controlled  flow  of  air  is  passed  through 
a  brightly-illuminated  sampling  chamber.  The  illuminated  air  sample-  is  observed  by  a  sensitive  telepho¬ 
tometer  system.  Whenever  an  aerosol  particle  passes  through  the  chimber,  it  causes  a  burst  of  scattered 
fljx  which  is  sensed  by  the  telephotometer.  This  scattered  flux  is  re'ated  to  the  particle  size;  with  ade¬ 
quate  calibration,  the  device  can  therefore  determine  the  number  of  particles  per  unit  volume  which  pass 
through  the  sampling  chamber  and  their  approximate  size. 

The  size  spectrum  measurable  with  this  device  is  somewhat  variable  at  the  discretion  of  the  operator. 
For  the  SHED  LIGHT  mission,  both  airborne  and  ground-based  systems  were  calibrated  to  count  particle 
sizes  occurring  between  0.3  /im  and  26.0  fan  effective  diameters.  At  the  normal  operating  flow  rate  of  0.1 
cubic  foot  of  air  per  minute,  satisfactory  particle  distributions  were  accumulated  in  4-minute  sampling 
i>  >etvals. 

The  Royco  system  is  the  only  major  system  used  in  this  task  which  does  not  have  its  outj.  ,t  recorded 
digitally  on  magnetic  tape.  Instead,  the  particle  count  is  recorded  on  printed  paper  tape.  As  a  result,  the 
Royco  data  is  processed  independently  from  the  bulk  of  die  project  raw  data  and  is  not  included  in  the 
automatic  data  processing  technique  discussed  in  Section  5.  The  Royco  data  is  normally  punched  on  IBM 
cards  and  stored  in  this  format  until  a  demand  for  its  further  processing  is  levied.  For  this  report,  only 
total  particles  per  unit  volume  are  listed.  Size  distribution  information  is  being  deferred  for  later 
piblication. 

Two  Royco  systems  were  provided  for  this  task.  They  are  identical  systems,  with  the  exception  of 
their  inlet  plumbing.  One  system  was  assigned  to  the  project  aircraft  for  airborne  measurements  and  tho 
other  was  assigned  to  the  project  ground  station. 

The  airborne  Royco  system  inlet  plumbing  is  designed  to  pick  up  ram  air  outside  the  aircraft,  route  it 
at  low  velocity  to  the  system  sensor  subassembly,  and  dump  the  unused  portion  plus  the  system  exhaust 
outside  the  aircraft.  The  entire  inlet,  sample,  and  exhaust  plumbing  loop  is  sealed  to  prevent  contamina¬ 
tion  of  the  outside  aerosol  sample  with  the  pressurized  cabin  air.  The  airborne  Royco  system  plumbing  is 
illustrated  in  Fig.  3-16.  Also  see  Fig.  3-17  for  airborne  rack  A. 

The  ground  station  Royco  system  is  located  immediately  adjacent  to  the  ground  station  integrating 
nephelometer.  The  Royco  inlet  plumbing  in  this  instance  is  simply  a  15  cm  piece  of  straight  tubing  which 
connects  the  system  inlet  to  the  integrating  nephelometer  shroud.  In  this  application,  the  Royco  system 
samples  a  portion  of  the  same  aerosol  that  passes  through  the  nephelometer  chamber. 

Cambridge  Model  137-C3  Aircraft  Hygromc  r  System.  (See  Fig.  3-17.)  The  Cambridge  model  137-C3 
hygrometer  is  a  device  used  for  determining  the  dewpoint  of  the  aerosol  surrounding  an  aircraft  during 
flight.  The  sensor  for  this  device  is  located  in  s  restricted  flow  chamber  mounted  outside  the  aircraft  be¬ 
neath  the  fin  assembly  and  is  illustrated  in  Fig.  3-18. 

The  physical  concept  upon  which  the  operation  of  this  device  is  based  is  the  chilled  mirror.  A  thermo¬ 
electric  heat  pump  reduces  the  temperature  of  the  goid  plated  mirror  until  moisture  from  the  ambient  air 
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flowing  past  it  begins  to  condense  on  the  mirrored  surface,  The  photoelectric  detection  of  this  condensa¬ 
tion  is  used  as  a  control  signal  to  the  heat  pump.  A  closed  loop  servo  link  is  established  so  that  the 
temperature  of  the  mirror  surface  is  maintained  at  the  nominal  dewpoint.  An  integrally  mounted  platinum 
resistance  thermometer  is  used  to  measure  the  actual  temperature  of  the  mirror.  From  this  measure  of  the 
dewpoint  temperature  and  the  air  temperature,  the  calculation  of  aerosol  relative  humidity  is  direct  and 
straightforward. 

AV//t\f Q-17  Aerogrcph  .%>/.  (See  Fig.  3-17.)  This  aerograph  set  is  a  standard  military  inventory  item. 
Its  operating  characteristics  and  technical  description  are  covered  in  USNAF  TP-133.  Its  general  function 
is  to  automatically  measure  and  record  ambient  temperature,  pressure,  and  relative  humidity  in  tvnical  air¬ 
borne  applications.  It  is  suitable  for  use  on  aircraft  operating  at  flight  speeds  between  144  and  518 
knots  (74  and  267  m/sec)  and  at  altitudes  up  to  67,000  feet  (20  km). 


Fig.  1-18.  C’umbridge  Model  137-C3  Probe  Mousing 


Bourns  Model  430/530  Absolute  Pressure  Transducer.  This  transducer  is  an  aneroid/potentiometer 
device  used  to  provide  pressure  altitude  data.  The  static  probe  located  on  the  meteorological  fin  is  the 
inlet.  The  transducer  is  calibrated  over  a  range  of  0  to  15  psia,  with  a  static  error  band  of  ±1.0%  or  ap¬ 
proximately  ±10  mb. 

Bourns  Model  509  Differential  Pressure  Transducer.  This  transducer  is  an  aneroid/potentiometer  de¬ 
vice  used  to  provide  indicated  airspeed.  The  pitot  and  static  probes  located  on  the  meteorological  fin  are 
the  inlets.  The  transducer  is  calibrated  over  a  range  of  0  to  5  psid. 

GROUND-BASED  METEOROLOGICAL  PACKAGE 

Bendix  Model  566  Aspirated  Hygrometer.  This  device  is  a  handheld,  battery  powered,  self-aspirating, 
wet/dry  bulb  thermometer.  The  operator  wets  the  wick  of  the  wet  bulb  thermometer  and  turns  on  the  ducted 
fan.  When  the  wet  and  dry  bulb  thermometers  stabilize,  he  reads  the  two  temperatures  and  calculates  dew¬ 
point  and  relative  humidity.  Two  of  these  devices  were  provided  for  this  project.  One  is  assigned  to  the 
aircraft  for  ground  checkout.  The  other  is  assigned  to  the  ground  station  for  data  collection. 
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Science  Associates  Wind  speed  and  Direction  Set.  This  battery  powered  device  is  assigned  to  the 
ground  station  for  determining  local  surface  wind  conditions.  Data  readings  are  manually  recorded  on  a 
standardized  meteorological  observation  sheet. 

Taylor  Model  Slf T-5-51  Aneroid  Barometer.  This  handheld  device  is  assigned  to  the  ground  station 
for  determining  local  atmospheric  pressure.  It  is  temperature-compensated  and  adjustable  for  true  ground 
elevation.  The  dial  face  is  calibrated  in  inches  of  mercury. 


3.3  CONTROL  AND  COMMUNICATIONS 

The  control  panels,,  consoles,  data  loggers,  and  other  support  facilities  described  in  this  section  are 
the  backbone  of  the  project  instrumentation.  Without  them,  alt  of  the  elegant  and  expensive  transducers 
described  in  Sections  3.1  and  3.2  would  be,  for  all  practical  purposes,  useless.  Unless  the  assorted  data 
channels  are  properly  selected  and  identified  and  unless  these  data-identifying  analogs  are  accurately 
logged,  no  information  retrieval  is  possible  from  the  mass  of  analog  data  presented  to  the  logger. 

AUTOMATIC  2  n  SCANNER  CONTROL  CONSOLE 

There  are  two  automatic  2n  scanner  control  consoles  associated  with  this  project.  One  is  assigned 
to  the  aircraft  system  and  the  other  to  the  ground  station.  In  each  case,  their  operational  function  is  the 
same:  to  power  and  direct  the  automatic  In  scanner  azimuth  and  elevation  drive  subassemblies.  How¬ 
ever,  their  internal  designs  and  performance  capabilities  are  quite  different. 

The  airborne  scanner  control  console  is  illustrated  in  Fig.  3-19.  It  consists  of  six  individual  panels 
mounted  in  the  standard  19  inch  rack  B,  plus  a  remote  start/stop  function  located  in  the  right  control  con¬ 
sole.  The  component  panels  are:  (1)  scanner  control  panels,  two  each,  (2)  programmer  control  panel, 
(3)  programmer  panel,  and  (4)  gyro  control  panel.  An  alternate  programmer  panel  is  available  for  usa  in 
the  less  sophisticated  ground-based  system.  The  functional  description  of  each  panel  is  outlined  briefly 
below. 

Scanner  Control  Panels.  As  mentioned  earlier  the  scanner  azimuth  and  elevation  drive  subassembly 
is  essentially  a  simple  servo  fol lower;  for  each  of  the  four  scanner  drive  subassemblies  there  is  an  indi¬ 
vidual  demodulator  and  servo  transmitter  circuit.  These  circuits  plus  drive  power  distribution  circuits  are 
located  in  each  scanner  control  panel. 

Programmer  Control  Panel.  In  order  to  direct  an  automatic  2  rr  scanner  in  any  given  direction,  trans¬ 
mitter  instructions  may  be  generated  in  either  of  two  ways:  (1)  manually,  via  graduated  hand  operated 
dials  on  the  programmer  control  panel  face,  or  (2)  automatically,  via  the  solid  state  control  circuits  lo¬ 
cated  in  the  programmer  panel.  Selector  switches  for  choosing  either  of  these  two  control  modes  are 
located  on  the  programmer  control  panel.  Transfer  of  the  automatic  mode  start/stop  control  to  the  remote 
panel  in  the  right  control  console  is  also  included  on  the  programmer  control  panel.  Sychronization  of  the 
scanner  search  program  with  the  42  channel  data  logger  is  also  accomplished  through  this  control  pane!. 

Programmer  Panel.  The  actual  automatic  pattern  that  the  scanner  field  of  view  traverses  is  established 
by  a  solid  state  logic  control  array  located  in  the  programmer  panel.  In  the  eariy  development  stages  of 
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Kig.  3-19.  Rack  B:  Automatic  2n  Scanner  Control  Console,  1: 

Scanner  Control  Panels,  1  &  2;  Programmer  Panel; 
Gyro  Control  Panel;  Power  Distribution  Panel; 
Programmer  Control  Panel 


the  automatic  2  n  scanner  assembly,  there  was  a  strong  demand  for  a  flexible,  high  speed  pattern  control 
assembly.  The  most  appropriate  technique  available  at  the  time  involved  the  development  of  an  in-house 
design  utilizing  a  standardized  logic  card  and  rack  assembly  available  from  Computer  Control  Co.,  Inc. 


The  original  pattern  called  for  a  full  2 n  steradian  search  plus  reset  in  32  seconds.  The  azimuth  drive 
was  constant  at  1  revolution  per  second.  The  elevation  drive  followed  a  variable  rate  ramp  function.  The 
elevation  sequence  was  as  follows: 


Azimuth  Revolution 

0  through  12 
13  through  18 
19  through  31 
32 


A  Elevation/Rev 

1° 

2.5° 

5° 

Reset 


Upper  Hemisphere 
Zenith  Angles 

92°  to  80° 

80°  to  65° 

65° to  0° 

0° to  92° 


lower  Hemisphere 
Zenith  Angles 

88°  to  100° 
100°  to  115° 
115°  to  180° 
180°  to  88° 


This  scan  rate  was  too  fast  for  many  night  applications  due  to  the  dynamic  response  characteristics  of 
the  radiometer  detector  circuits  (refer  to  Section  6).  Consequently,  a  timing  modification  was  inserted  to 
slow  the  entire  routine  down  to  one  fifth  its  original  speed.  In  this  mode  the  full  2n  steradian  search, 
plus  reset,  required  160  seconds  with  the  azimuth  sweep  constant  at  5  seconds  per  revolution.  The  selec¬ 
tion  of  either  scan  rate  is  available  to  the  operator  via  a  rotary  selector  switch  on  the  face  of  the  pro¬ 
grammer  panel. 
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Gyro  Control  Panel.  All  azimuth  and  elevation  analogs  generated  by  the  2n  scanner  orientation  po¬ 
tentiometers  are  related  to  the  aircraft  frame,  if  the  aircraft  is  flying  straight  and  level,  all  scanner  orien¬ 
tation  data  is  relatively  true.  Aircraft  bearing  is  recorded  on  the  project  data  logger  so  that  corrections 
can  be  made  during  data  processing  for  bearing  variations  during  flight.  However,  since  no  corrections 
are  made  for  orientation  errors  induced  by  pitch  or  roll,  a  reliable  monitoring  of  these  maneuvers,  if  any, 
was  desirable.  As  a  result,  a  Sperry  system  SP-40  vertical  gyroscope  was  rigidly  mounted  to  the  floor  of 
the  aircraft  directly  below  the  upper  hemisphere  2  n  scanner.  Using  this  gyro  as  a  vertical  reference,  air¬ 
craft  pitch  and  roll  analogs  were  generated  and  fed  to  the  42  channel  data  logger.  The  erection  and  control 
circuits  required  to  drive  and  monitor  the  project  gyro  are  contained  in  the  gyro  control  panel. 

Auxiliary  circuits  related  to  the  equilibrium  radiance  telephotometer,  a  system  not  utilized  for  the 
night  phases  of  this  program,  are  included  in  both  the  gyro  control  panel  and  programmer  control  panel. 

Ground-Based  Programmer.  The  automatic  2n  scanner  control  console  assigned  to  the  ground  station 
is  not  as  sophisticated  as  the  airborne  unit.  It  consists  of  two  scanner  control  panels,  as  in  the  airborne 
system,  and  a  simplified  programmer  panel. 


The  ground-based  programmer  panel  drives  two  automatic  2  n  scanners  in  either  an  automatic  search 
routine  or  a  manually  controlled  search  pattern.  In  the  manual  mode,  the  control  dials  drive  servo  trans¬ 
mitters  just  as  in  the  airborne  system.  However,  in  the  automatic  mode,  the  ground  programmer  is  signifi¬ 
cantly  different  from  the  airborne. 

The  ground  programmer  automatic  mode  does  not  use  electronic  control  logic.  It  is  an  electromechan¬ 
ical  system  using  synchronous  motors,  cams,  and  cam  followers  as  the  pattern  control  elements.  It  is  de¬ 
signed  to  drive  the  2n  scanners  in  a  stylized  search  routine  which  requires  160  seconds  to  map  a  2ir  ster- 
adian  field  of  view.  The  azimuth  drive  is  at  a  constant  speed  of  1  revolution  per  12  seconds.  Each 
azimuth  revolution  is  run  at  a  fixed  elevation  angle  (zenith  angle)  in  accordance  with  the  listing  below. 
The  program  time  is  120  seconds  for  pattern  scan  plus  24  seconds  for  reset. 


Rev  No. 

Elevation  Angle 

Zenith  Angle 

- 

1 

2Zi° 

8M° 

-  -  j 

2 

7V,° 

82V,° 

M 

3 

1Z*° 

7T/,° 

% 

4 

w,° 

72V, ° 

—  ~  ~  --  ^6 

5 

22’/j° 

67V, 0 

6 

27'A° 

62V,° 

_  “7^ 

7 

421/j° 

AT/,° 

-  ~ 

-  ^ 

8 

57V4° 

32  V,° 

'  "  j 

9 

72V,° 

1 7Vr 

10 

87’/j° 

2V,C  ] 

V  % 

This  scan  pattern  has  proved  to  be  inadequate  as  a  general  purpose  routine,  it  was  established  to  con¬ 
centrate  its  data  collection  near  the  horizon.  Since  that  time,  more  sophisticated  data  processing  tech¬ 
niques  have  dictated  the  need  for  a  finer  search  grid;  the  scan  pattern  will  be  altered  in  the  near  future  to 
satisify  this  new  requirement. 
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PHOTOMETER  TEMPERATURE  CONTROL  PANEL 


The  photometer  temperature  control  system  consists  of  the  temperature  control  housing  discussed 
briefly  in  Section  3.1,  the  temperature  control  thermostat  also  mentioned  in  Section  3.1,  and  the  photom¬ 
eter  temperature  control  panel  illustrated  in  Pig.  3-20, 


Fig.  3-20.  Rock  C:  Photometer  Temperature  Control  Panel; 

Defroster  Panel;  Ten  Slide  Photometer  Module; 
Nephelometer  Power  Supply 


This  panel  is  a  28  vdc  power  distribution  and  readout  circuit.  It  is  wired  to  control  and  monitor  14  in¬ 
dependent  temperature  control  systems.  It  contains  the  primary  power  switch  and  power  distribution  relays 
for  each  system.  These  relays,  under  the  automatic  control  of  the  temperature  controi  thermostats,  reverse 
the  flow  of  current  through  the  circuit  to  either  heat  or  coot  the  inside  of  the  temperature  control  housing. 
The  resultant  temperature  of  the  multiplier  phototube  cathode  is  monitored  by  a  Yellow  Springs  Industry  44011 
thermiater  bead  which  is  cemented  directly  upon  the  glass  envelope  of  the  tube. 

The  performance  of  each  of  the  14  available  circuits  controlled  by  this  panel  can  be  monitored  in  two 
ways.  The  resistance  of  each  thermistor  bead  can  be  read  on  the  panel  meter,  which  is  calibrated  in  de¬ 
grees  Centigrade.  Also,  the  current  flow  in  each  circuit  is  monitored  by  individual  lights  in  both  the  heat 
and  cool  legs.  The  alternate  blinking  of  the  indicator  lights  indicates  proper  circuit  performance  and  al¬ 
lows  the  operator  to  estimate  the  system  duty  cycle  at  each  transducer  location. 

OPTICAL  FILTER  CONTROL  PANEL 

The  optica!  filter  control  panel  is  illustrated  in  Fig.  3-21.  It  is  a  28  vdc  power  distribution  circuit  al- 
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lowing  the  ganged  control  of  up  to  14  individual  optical  filter  changers.  The  individual  optical  filter 
changer  assemblies  were  described  in  Section  3.1. 


Fig.  3-21.  Visibility  Studios  Control  Console  Loft  nnd  Right:  Optical  Filter  Control  Panel;  Accessory  Control 

Panel;  Flight  Dynamics  Display  Panel;  Camera  Control  Panel;  Remote  Scunner  and  Data  Logger  Control 

A  common  selector  switch  in  the  center  of  the  panel  simultaneously  drives  each  of  the  activated  filter 
changing  assemblies  into  the  selector  mode.  All  14  circuits  are  individually  switched  so  that  any  circuit 
not  activated,  i.e.,  power  off,  leaves  its  associated  filter  changer  in  the  power  off,  or  "memory  position". 

The  system  operator  is  able  to  interpose  any  one  of  six  filter  holders,  and  Its  enclosed  optical  element, 
into  the  optical  path  of  any  radiometer.  The  operational  compromise  in  this  system  is  that  all  activated 
filter  changers  follow  the  selector  switch  together.  The  only  alternative  condition  is  power  off.  In  the 
power  off  condition  the  memory  flux  mirror  is  automatically  inserted  into  that  system  optical  path  and  the 
radiometer  is  relegated  to  a  standby  status. 

Each  of  the  14  individual  circuits  has  its  own  verification  light.  In  each  filter  changing  assembly  there 
are  six  micro  switches  which  are  mechanically  actuated  by  the  insertion  of  a  filter  holder  into  the  optical 
path.  These  switches  are  electrically  "anded"  with  the  selector  switch  and  the  verification  light.  Thus, 
when  a  filter  selection  is  made  and  the  verification  light  comes  on;  the  operatorknows  with  certainty  that 
the  optical  filter  he  called  for  is  in  fact  fully  inserted  into  the  optical  path. 

A  supplementary  wafer  on  the  filter  select  switch  generates  an  identifying  de  voltage  which  is  trans¬ 
mitted  to  the  42  channel  data  logger.  In  this  way  the  radiometric  data  can  be  recovered  even  iflhe  opera¬ 
tor  inadvertently  calls  for  an  optical  filter  in  an  incorrect  sequence,  or  if  he  forgets  to  change  filters  be¬ 
tween  two  successive  data  collection  elements. 


TEN  SLIDE  PHOTOMETER  MODULE 

The  ten  slide  photometer  module  is  illustrated  in  Fig.  3-20.  It  is  merely  a  standardized  frame  which 
has  been  prewired  to  accept  the  radiometer  high  voltage  and  measuring  circuits  discussed  in  Section  3.1 
and  illustrated  in  Fig.  3-5. 

The  heavy-duty  frame  is  designed  fcr  rack  and  pane!  disconnect  of  all  component  slide  assemblies. 
The  first  slide  contains  the  power  supply  section.  It  drives  up  to  nine  individual  radiometer  high  voltage 
and  readout  sections.  Each  of  the  nine  remaining  slides  contains  one  high  voltage  and  readout  section. 
Since  for  most  project  activities  only  six  to  eight  radiometers  are  ever  on  line  at  any  given  time,  there  is 
always  at  least  one  slide  assembly  on  standby  and  available  as  a  spare. 


CAMERA  CONTROL  PANEL 

This  panel,  illustrated  as  part  of  the  right  control  console  in  Fig.  3-21,  was  not  used  during  the  night 
phases  of  this  projec* 

Its  daytime  function  is  to  control  and  trigger  the  three  project  cameras.  Normally  there  is  an  Automax 
G-10  in  each  wingtip  and  a  KS-17  Strike  camera  in  the  ramp.  The  cameras  are  for  descriptive  documenta¬ 
tion  of  the  test  environment  only.  No  photogrammetry  is  attempted. 
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FLIGHT  DYNAMICS  DISPLAY  PANEL 

It  is  essential  that  the  project  scientific  crew  and  the  USAF  flight  crew  are  fully  coordinated  through¬ 
out  each  data  collection  mission.  To  aid  in  this  coordination,  to  minimize  intercom  chatter,  and  to  help 
prevent  altitude  disorientation  of  the  project  crew,  several  flight  instruments  have  been  located  at  the 
project  control  console.  This  group  of  instruments  is  referred  to  as  the  flight  dynamics  display  panel  and 
is  illustrated  in  Figs.  3-21  and  3-22. 


Fig.  3-22,  Complete  Aircraft  Rack  Installation 
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The  panel  contains  the  following  instruments:  (')  gyro  magnetic  compass  indicator,  (2)  airspeed  in¬ 
dicator,  (3)  altimeter,  (4)  artificial  horizon,  and  (5)  stopwatch  and  elapsed  time  clock.  All  project 
flight  instruments  are  completely  independent  of  the  aircraft  flight  instrument  systems,  except  for  the  com¬ 
pass  indicator  which  is  linked  to  the  aircraft  system  through  a  repeater  and  amplifier  circuit. 

42  CHANNEL  DATA  LOGGER 

The  heart  of  the  airborne  data  collection  system  is  the  data  logger  illustrated  in  Fig.  3-23.  This  sys¬ 
tem  is  designed  to  accept  up  to  42  independent  analog  inputs.  The  input  voltages  are  specified  between 
0.000  vdc  ano  ±0.999  vdc.  The  system  has  three  modes  of  operation:  (1)  normal,  (2)  calibrate,  and 
(3)  manual. 


rl'2.1,  iMiiiimr!  fiiilii  Uisj^r 


In  the  NORMAL  mode,  all  42  input  signals  are  multiple!!#  info  a  240  sample  pet  second  array,  sequen¬ 
tially  converted  to  digital  format,  and  serially  recorded  on  mugnotle  tape  Tape  speed  Is  3.68  lp».  In  this 
mode  the  system  records  continuously  until  i»  is  stopped  either  manually  by  the  operator,  or  by  the  low 
tape  cutoff.  The  multiplex  array  is  externally  paiehablo  for  complain  sample  rate  flexibility.  The  current 
sample  rate  per  channel  is  illustrated  in  Table  5-1  of  the  Data  Processing  Suction,  The  length  of  one  block 
of  data  on  the  tape  is  3840  computer  words;  each  word  contains  48  bits, 

In  the  CALIBRATE  mode,  the  system  starta  upon  manual  command,  records  one  pass  through  the  multi- 
pjexet.Le.T-d  second  at  240  samples  per  second,  and  stops  automatically.  This  mode  is  normally  used  for 
recording  cic  calibration  checks.  At  one  time  it  was  used  for  monitoring  radiometer  "memory  flux"  levels, 
bvit  that  has  been  abandoned  in  favor  of  a  longer  roeording  i filer va I, 
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In  the  MANUAL  mode  the  system  works  as  a  multi-input  digital  voltmeter  (DVM).  Selector  buttons  on 
the  front  panel  allow  the  operator  to  select  any  one  of  the  42  input  channels  for  visual  display.  Upon  se¬ 
lecting  a  specific  channel,  the  channel  identification  number  is  displayed  on  a  two-digit  nixie  display  and 
the  digital  value  of  the  signal  voltage  on  that  channel  is  shown  on  a  separate  three-digit  plus  sign  nixie 
display.  In  this  mode,  the  operator  can  monitor  the  input  signals  at  any  time  from  each  transducer  system 
for  either  calibration  checks  or  troubleshooting. 

The  data  logger  also  contains  the  protect  clock.  Project  time  is  displayed  in  six  digits  (hours,  minutes, 
and  seconds)  on  both  the  data  logger  panel  and  its  remote  panel  in  the  right  control  console.  Project  time 
may  or  may  not  be  set  at  real  time,  according  to  the  operator's  selection. 

The  data  logger  provides  synchronizing  pulses  to  the  2rr  scanner  control  console.  These  pulses  permit 
convenient  remote  control  functions  to  be  "anded"  at  the  right  control  console  and  establish  synchronous 
data  logging  for  improved  data  processing  efficiencies. 

Twelve  thumbwheel  potentiometers  are  available  on  the  front  panel  for  the  insertion  of  fixed  identifi¬ 
cation  data.  This  information  is  automatically  recorded  each  time  the  tape  is  started. 

20  CHANNEL  DATA  LOGGER 

The  ground-based  data  log  ;er  is  illustrated  in  Fig.  3-24.  This  incremental  logger  is  less  sophisticated 
than  the  airborne  system  It  accepts  up  to  20  independent  analog  signals.  Its  input  DVM  is  manually  ad¬ 
justed  to  accept  signals  between  0.0000  vdc  and  ±1.2000  vdc;  however,  the  actual  input  analogs  are  iden¬ 
tical  with  those  in  the  airborne  instrument  systems. 


This  system  has  two  modes  of  operation:  (1)  normal  and  (2)  manual. 

In  the  NORMAL  mode  the  analog  signals  are  measured,  serialized,  and  recorded  digitally  on  magnetic 
tape.  In  this  mode  the  system  incrementally  records  channel  by  channel  at  about  eight  channels  per  sec¬ 
ond.  Once  started,  it  cycles  continuously  through  the  channel  sequence  until  manually  stopped  by  the 
operator. 

In  the  MANUAL  mode  the  system  operates  as  a  multi-input  DVM.  A  manual  channel  selection  is  avail¬ 
able  with  an  associated  nixie  type  display. 

Project  time  is  displayed  on  the  logger  front  panel.  It  is  normally  synchronized  with  GMT,  local,  or, 
when  practical,  airborne  project  time. 

Ten  thumbwheel  potentiometers  are  available  on  the  front  panel  for  the  insertion  of  fixed  identifica¬ 
tion  data. 

3.4  RADIOMETRIC  CALIBRATION  PROCEDURES 

All  the  radiometers  used  in  this  project  are  calibrated  in  essentially  the  same  manner.  In  each  case 
the  system  is  calibrated  by  first  determining  its  relative  flux  versus  high  voltage  characteristics  over  the 
anticipated  operating  span  and  second  by  establishing  known  absolute  flux  levels  on  this  voltage  curve. 
The  entire  calibration  procedure  is  conducted  using  standard  photometric  practices,  a  3-meter  optical 
bench,  and  incandescent  standards  of  luminous  intensity  traceable  to  the  National  Bureau  of  Standards. 

The  process  of  establishing  the  relative  flux  versus  high  voltage  characteristic  curve  for  each  system 
is  simple  and  direct.  The  radiometer  system  is  positioned  on  the  optical  bench  and  irradiated  with  flux 
from  a  stabilized  incandescent  lamp.  The  mechanical  and  optical  arrangement  is  such  that  the  amount  of 
flux  presented  to  the  detector  can  be  readily  varied  in  increments  of  0.10  log  units.  The  mechanical  con¬ 
straints  on  positioning  the  movable  iamp  housing  ensure  compliance  with  the  desired  inverse  square  re¬ 
lationship  between  lamp  position  and  flux  at  the  detector.  Therefore,  through  an  iterative  process  of  re¬ 
locating  the  lamp  housing  at  a  predetermined  set  of  locations  on  the  optical  bench  and  recording  the 
resulting  radiometer  output  signal,  one  can  generate  a  set  of  data  illustrating  the  system  electrical  re¬ 
sponse  to  known  changes  of  input  radiance.  This  set  of  data  is  commonly  referred  to  as  the  system 
linearity  calibration. 

The  linearity  calibrations  for  all  radiometers  employed  in  the  SHED  LIGHT  task  extended  over  a  rad¬ 
iance  span  of  5  log  cycles.  The  electrical  circuitry  was  adjusted  to  yield  an  output  signal  which  swung 
from  +250  mv  to  -1000  mv  for  this  five  decade  swing  in  radiant  input.  The  pseudo-logarithmic  character¬ 
istic  of  the  radiometer  measuring  circuit  results  in  a  linearity  calibration  typified  in  Fig.  3-25. 

Since  il  was  desirable  to  run  these  radiometers  at  maximum  sensitivity,  the  linearity  calibrations  were 
extended  beyond  the  normally  specified  limits  of  system  precision.  Each  system  was  forced  to  the  point 
where  dark  current  considerations  resulted  in  an  uncertainty  equivalent  to  50%  of  the  calibration  incre¬ 
mental  laast  count;  i.e.,  if  a  0.10  log  126%)  change  in  flux  results  in  a  20  mv  change  in  output  signal,  the 
calibration  cutoff  point  occurs  when  the  uncertainty  in  the  output  signal  reaches  ±10  mv. 

Due  to  the  characteristic  rolloff  of  the  typical  linearity  calibration  curve  plus  the  dark  current  cutoff 
specification,  the  overall  system  precision  index  is  variable.  This  is  a  factor  which  must  be  well  under¬ 
stood  by  those  involved  in  any  final  data  analysis. 
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Pig.  3-25.  Typical  Linearity  Calibration  Curve 

For  example,  in  the  center  of  the  span,  readout  uncertainties  of  ±1  r,.v  are  typical  and  linearity  slopes 
of  30  mv  per  0.1  log  change  in  flux  are  common.  Thus  a  readout  precision  of  ±0.003  log  unit  or  ±  1%  of 
the  reading  is  typical.  However,  near  the  dark  current  cutoff,  readout  uncertainties  of  ±10  mv  are  encoun¬ 
tered  with  accompanying  linearity  slopes  of  20  mv  per  0.1  lor  change  in  flux.  Under  these  conditions,  a 
readout  precision  of  only  ±0.050  log  unit  or  ±  12%  of  the  reao.ng  is  achievable.  Extreme  caution  must  be 
maintained  in  the  evaluation  of  measurements  made  near  the  dark  current  cutoff. 

Once  the  linearity  calibration  for  the  radiometer  system  has  been  established,  a  similar  procedure  is 
followed  to  convert  the  calibration  into  absolute  units.  For  this  portion  of  the  calibration  sequence,  an  in¬ 
candescent  standard  of  luminous  intensity  is  used  as  the  flux  source.  Then  absolute  levels  of  irradiance 
can  be  presented  to  the  radiometer  either  directly  or  via  a  calibrated  reflectance  standard. 

A  typical  data  sheet  for  the  absolute  calibration  of  a  SHED  LIGHT  radiometer  is  shown  in  Fig.  3-26. 
Five  different  levels  of  input  radiance  are  used  in  the  determination  of  the  calibration  constant  for  the  sys¬ 
tem.  The  calibration  constant  is  referred  to  as  the  zero  scale  value  and  is  labeled  ZSV  on  the  cal¬ 
ibration  forms. 
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Fig.  3-26.  Typical  Absolute  Calibrat:on  Form 
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Nine  determinations  of  the  calibration  constant  are  made  during  each  calibration  run.  The  average 
value  of  the  nine  determinations  is  assumed  to  be  the  most  probable  value  for  the  calibration  constant. 
Due  to  precision  limitations,  stray  light,  and  related  procedural  errors,  typical  standard  deviations  for  tho 
calibration  constant  are  on  the  order  of  +5%.  Table  3-2  illustrates  the  quality  of  typical  calibration  con¬ 
stants  associated  with  data  tabulated  in  Section  6.  It  should  be  noted  that  the  term  standard  deviation  is 
not  rigorously  correct  in  this  application  since  the  calibration  data  set  includes  some  obvious  systematic 
errors  due  to  detector  dynamic  response  as  well  as  some  procedural  stray  light  errors.  These  systematic 
errors  are  not  removed  from  the  calibration  data  and  as  a  result  the  standard  deviation  of  the  calibration 
constant  determination  represents  a  worst-case  type  of  index. 


Table  3-2.  Calibration  Constants  and  Related  Fractional  Standard  Deviations  (%) 


Radiometer 

FILTER  1 

2SV  S 

FILTER 

2SV 

S 

FILTER  3 

ZSV  S 

FILTER  4 

ZSV  S 

FILTER  5 

ZSV  S 

Average  S 
for  Syatem 

2  rr  Scanner  No.  1 

2.32  E-7 

16 

2.28  E-7 

rtf 

6.35  E-7 

12 

1.12  E-6 

15 

7.06  E-8 

13 

14 

2  >r  Scanner  No.  3 

1.72  E-7 

♦2 

2.00  E-7 

13 

5,00  E-8 

13 

1  82  E-6 

13 

5.10  E-8 

14 

13 

2  rr  Scanner  No.  4 

1.57  F  7 

12 

1.89  E-7 

12 

5.23  E-7 

12 

1.90  E-6 

13 

5.04  E-8 

15 

13 

Integrating  Nephelometer  No  1 

4  67  E  -7 

110 

6.42  E-8 

110 

1.19  E-7 

17 

6.15  E-7 

19 

1.34  E-8 

lS 

18 

Integrating  Nephelometer  No,  3 

1.70  E-7 

12 

2.34  E-7 

♦2 

3.89  E-7 

12 

1.72  E-6 

l3 

4.27  E-8 

1 3 

12 

Dual  Irradiometer  No.  1 

1.39  E-7 

14 

1.66  E-7 

14 

2.83  E-7 

13 

4.29  E-7 

13 

2.81  E8 

13 

13 

Large  Aperture  Telephotometer  No.  1 

9.01  E-9 

14 

1.17  E-8 

15 

2.09  E-8 

♦4 

5.46  E-8 

12 

2.87  E-9 

*4 

♦4 

Large  Aperture  Telephotometer  No  3 

2.12  E-8 

Jll 

2.23  E-8 

13 

5.94  E-8 

112 

1.46  E-7 

15 

4  87  E-9 

1 4 

16 

Obviously  these  procedural  and  precision  uncertainties  are  i ndependent  of  the  absolute  accuracy  of 
the  standard  lamp  calibration,  which  is  assumed  to  be  13%. 

At  regular  intervals  during  the  calibration  procedure  the  radiometer  is  automatically  exposed  to  its  in¬ 
ternal  reference  source,  i.e.,  Isolite  standard  of  luminous  intensity.  Since  this  integral,  exceptionally 
stable  source  is  always  avaihble  for  reinspection  by  the  radiometer  during  subsequent  measurement  ac¬ 
tivities,  the  long  term  stability  of  the  detector  can  be  monitored  and,  when  necessary,  automatic  ad- 
j  ustments  to  the  calibration  constant  can  be  readi  ly  effected. 

CALIBRATION  CORRECTION  FACTOR 

The  basic  standard  from  which  all  these  calibrations  are  derived  is  an  incandescent  lamp.  Since  this 
lamp  is  supplied  with  its  calibration  in  luminous  units,  a  luminance-to-radiance  conversion  is  required. 
This  unit  conversion  is  applied  to  the  calibration  constant  as  a  multiplicative  factor  of  the  form 

%a¥a!-^ 

F.  - -  (3-1) 

680SWArAy/U 
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where 


=  Spectral  emittance  of  the  calibration  source 
(S'aTx)  -  Spectral  response  of  the  standard  detector 
y  =  Photopic  response  of  the  eye 
=  Emmissivity  of  tungsten  filament 


The  unit  conversion  factors  applicable  to  the  five  spectral  responses  used  during  this  project  are  tab¬ 
ulated  below  in  Table  3-3. 


Table  3-3.  Unit  Conversion  Factors 


Fi  Iter  No. 

Spectral  Band 

Luminance-to-Radiance  Factor  (F,) 
(Watts/Lumen) 

1 

475  nm 

1.31  E-4 

2 

515  nm 

1.97  E-4 

3 

660  nm 

6.96  E-4 

4 

745  nm 

8.37  E-4 

5 

$-20 

2.11  E-3 

The  application  of  these  luminance-to-radiance  conversion  factors  to  the  calibration  data  enables  tho 
radiometer  to  be  used  as  a  direct  reading  device.  This  feature  makes  it  simple  for  the  operator  to  accom¬ 
plish  quick  field  evaluation  of  the  measured  data. 

Once  the  measured  data  is  returned  to  the  Laboratory  for  processing,  further  adjustment  factors  are  ap- 
plied  to  yield  the  engineering  units  presented  in  this  report. 

SPECTRAL  CORRECTION  FACTOR 

If  all  the  photoelectric  systems  had  precisely  the  same  spectral  sensitivities,  there  would  be  no  re¬ 
quirement  for  corrections  beyond  the  conversion  made  by  factor  F,,.  However,  since  there  is  a  wido 
latitude  in  the  spectral  characteristics  of  individual  multiplier  phototubes,  small  mismatches  among  sys¬ 
tems  remain  even  after  extensive  optica!  filtering. 

The  Visibility  Laboratory  procedure  is  to  carefully  measure  the  spectral  sensitivity  of  each  multiplier 
phototube  and  then  select  groups  of  phototubes  having  similar  spectral  characteristics.  Therefore  the  re¬ 
quired  spectral  filtering  is  also  similar.  Even  in  these  selected  groups,  there  remain  small  differences  in 
the  spectral  sensitivity.  These  differences  are  then  minimized  by  use  of  slightly  different  filters  for  each 
tube  so  that,  finally,  all  the  photoelectric  systems  are  closely  matched  in  spectral  sensitivity. 
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This  second  factor,  F2,  corrects  the  small  remaining  spectral  difference  between  the  response  of  any 
given  phototube  and  the  standard  response  of  the  system  for  both  the  spectral  distribution  used  during  cal¬ 
ibration  and  the  spectral  distribution  of  the  final  field  targets.  This  factor,  F2,  is  also  applied  to  the  ab¬ 
solute  calibration 


vwa(SaTa)AA  2Wa,a(SaTa>AA 

Fj  =  - x  - — -  ,  (3-2) 

2Wa(SaTa)AA  SWArA(SATA)  AA 

where 

rA  =  Spectral  emittanco  of  tungsten  lamp  at  some  color  temperature 
WA  -  Spectral  emittance  of  target  in  field 
(SAfA)  Standardized  spectral  response  (y  for  photopic  case) 

(SaTa>  -  Spectral  response  of  individual  system 


For  raditiweifio  calibrations.  when  the  S^TA  of  a  particular  instrument  is  used  as  the  standard  SATA 
for  thrs  BMHtriMMfl  Fj  equals  1  0  I «  that  instrument. 

the  BpfflhliitfJ  use  of  the  two  factors,  F,  and  F}.  for  the  radiometric  calibrations  is  equivalent  to  using 
,  $  single  tauter  ftefuted  below 


— '7^‘Z. 

YS- 


jWaiA*  ~wa<saVaa 

■-  1  X  - — ■  — 

Swa<sata>'-'a 


IhFj  the  spectral  smittanco  of  the  target  in  the  field,  WA,.  depends  upon  the  instrument  being  cal¬ 
ibrated  flitter*  the  term  apjmafs  in  the  numerator  and  the  denominator  of  the  factor,  the  exact  spectral 
mniltamie  dt»s  not  need  to  he  used.  A  rolative  spectral  curve  may  be  substituted  sc  icnq  as  the  same 
function  Is  used  ft*  both  numerator  and  denominator.  For  the  SHED  LIGHT  project  a  spectral  ermttance 
curve  Is  used  from  Johnson,  rt  <tl  (1965)  to  approximate  the  nighttime  sky. 


COLOR  BALANCE  AND  MEAN  WAVELENGTH 

Color  balance  is  definod  a#  the  radiance  measure  obtained  when  a  sensor  is  measuring  a  spectrally 
neutral  radiance,  Where  a  radiance  N*  of  1  wattU"1  nT2  nm-1  is  assumed.  Color  balance  is  then  equiva¬ 
lent  to  this  area  under  the  relative  spectral  response  curve 


I 
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,  I 


f  i 


N  =  S  SaTaNa  A  A 

Mean  wavelength  is  computed  by  the  equation 

£(A(SaTa)1  AA 


(3-4) 


A  = 


(3-5) 


S(SaTa)  a  a 


The  color  balance  or  area  under  the  spectral  response  curves  and  the  mean  wavelength  for  each 
SHED  LIGHT  filter  is  presented  in  Table  3-4. 

Tdble  3-4.  Filter  Color  Balance  and  Mean  Wavelength 


Filter 

Color  Balance  (nm) 

Mean  Wavelength  (nm) 

1 

20.09 

477.8 

2 

20.27 

514.9 

3 

20.83 

663.2 

4 

29.95 

740.1 

5 

170.2 

525.1 

Conversion  is  made  from  units  of  watts  m~ 2  to  watts  nf  2  pm-1  and  watts  ft-1  m'2  to  watts  fi-1  m  2  /rm  1 
by  dividing  by  the  color  balance  and  multiplying  by  1000. 

The  normalized  spectral  response  curves  for  the  five  cathode  sensitivity-filter  transmittance  combina¬ 
tions  used  in  this  project  are  shown  in  Fig.  1-4,  which  is  repeated  below. 
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Standardized  Sensitivity-Transmittance  SATA  of  the  Five  Narrow  Band  Filter-Phototube  Combin  ns 
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4.  Data  Collection  Methods 


During  the  field  portion  of  this  SHED  LIGHT  task,  two  independent  activities  were  maintained  simulta¬ 
neously-  The  airborne  instrument  system  was  one  activity  and  the  ground-based  instrument  system  was  the 
other.  Although  the  basic  concept  of  the  experiment  was  built  around  the  joint  operation  of  these  two  sys¬ 
tems  in  a  highly  coordinated  and  simultaneous  measurement  routine,  the  realities  of  weather  and  distance 
forced  an  early  modification  to  the  plan.  The  compromise  routine  was  for  each  system  to  run  data  collec¬ 
tion  sequences  at  every  opportunity,  on  a  nightly  schedule.  If  weather  permitted,  simultaneous  measure¬ 
ments  at  the  same  test  area  were  assigned  top  priority.  If  for  any  reason  the  joint  sequences  were  aborted, 
both  systems  were  to  automatically  revert  to  independent  operation. 


4.1  AIRBORNE  SYSTEM 


The  dc  t  collection  sequence  for  the  airborne  system  was  broken  into  five  standardized  elements: 

(1)  preflight  warmup  and  calibration  check.  (2)  straight  and  level  sequences,  (3)  vertical  profi le  se¬ 
quences,  (4)  in-flight  calibration  checks,  and  (5)  post-flight  calibration  check, 

A  typical  mission  sequence  is  illustrated  in  Fig.  4-1  and  described  chronologically  below. 


lU<LlUieML  tiuLWLthi 


Mission  Sapience 

Proflight  wnrimip  equipment  operation. 
<«ul  calibration  chock 

Perry  from  singing  airbase  to  tost  urea 

In-bight  uiillbiailmr  cheek 

§b night  aiiy  ijfve!  sequence 

Ift-fli0bl  oalititaiion  fitumk 

Straight  anti  ii?yei  sequence 

iiHHghi  fiailjhation  check 

Sliaqiht  end  level  sequence 

lit  flight  o^lihfafioH^ehfick 

Sh Bight  !**«t  Ipyfll  teijtigqSf! 

In) light  asiffhatiph  chock 

liishtthi  amri^An  syijutjqdil 

ih-fliflht  uunbrsiicm  Chock 

Slraljlht  and  level  swimmer 

In-flight  canbfitias  chgek 

Votfical  |  truffle  r._~- 

lh-f!ighi  calibration  check  --  ~  .. 

Vertical  profile 

In-f fight  calibration  cheek 

Vertical  profile 

In-flight  calibration  check 

Vertical  profile 

In-flight  calibration  check 

Vertical  profile 

In-flight  calibration  check 

Post-flight  calibration  check 

Ferry  from  test  area  to  staging  airbase 

Termination 


Typical  Altitude 


At  minimum  project  altitude 
Ciimbto  minimum  altitude  t  1 000  ft 
At  minimum  altitude  +  1000  ft 
Climb  je  minimum  attitude  +  2000  ft 
At  minimtSh  altitirif  JK2000  ft 
Climb  to  minimum  attitude  +  3000  ft 
At  minimum  altitude  +  3000  ft 
fiijmbjo  minimum  altitude  +  4000  ft 
At  minimum  altitude  +  4000  fi:__ 
Ciimb  to  minimum  altiuide  +  5000  ff 
At  minihHim.aititude  +  5000  ft 


Descending  at  1500  ft/min  to  minimum  altitude 


Ascending  at  1000  ft/min  to  minimum  altitude  +  5000  ft 


Descending  at  1500  ft/min  to  minimum  altitude 


Ascending  at  1000  ft/min  to  minimum  altitude  +  5000  ft 


Descending  at  1500  ft/min  to  minimum  altitude 


The  total  elapsed  time  required  for  completion  of  items  3  through  26  was  normally  2  hours  and  30  min¬ 
utes.  In  special  situations  wherefaster  scan  rates  were  appropriate,  the  elapsed  time  could  be  reduced  to 
1  hour  and  10  minutes. 
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PREFLIGHT  WARMUP  AND  CALIBRATION  CHECK 

Just  as  the  air  crew  must  make  a  preflight  check  of  the  aircraft  in  order  to  ensure  a  successful  mission, 
so  must  the  scientific  party  "preflight’'  the  technical  equipment.  During  this  technical  preflight,  which 
begins  about  2  hours  before  takeoff,  several  activities  must  occur.  (1)  External  protective  covers  are  re¬ 
moved  from  all  transducers  and  probes.  Each  external  appurtenance  is  checked  for  visible  signs  of  damage 
or  contamination.  (2)  All  electrical  circuits  are  energized  and  test  sequences  are  run  to  ensure  proper 
operation  of  drive  and  control  circuits.  (3)  All  transducer  circuits  are  energized  and  quiescent  signals 
checked  and  evaluated  for  normal  ground  level  readings.  (4)  Data  logger  multiplexing,  A/D  conversion, 
and  tape  transport  operation  are  verified.  (5)  Flight  plan  details  and  alternate  site  selections  are  con¬ 
firmed  with  USAF  flight  crew. 

A  primary  consideration  during  the  preflight  phase  is  the  temperature  stabilization  of  the  various  mul¬ 
tiplier  phototube  systems.  If  the  aircraft  has  been  subjected  to  high  daytime  temperatures  during  the  in¬ 
terval  preceding  the  proposed  flight,  the  dark  currents  in  the  detectors  will  be  at  relatively  high  levels. 
Although  only  20  or  30  minutes  is  required  for  the  thermoelectric  heat  pumps  to  stabilize  the  multiplier 
phototubes  at  their  control  temperatures,  approximately  60  minutes  at  the  control  temperature  is  required 
before  the  detector  dark  currents  have  stabilized  adequately  to  begin  reliable  data  collection.  For  this 
reason,  temperature  stabilization  is  always  achieved  prior  to  takeoff.  This  preflight  stabilization  allows 
the  system  to  be  ready  for  data  collection  immediately  upon  arrival  at  the  test  area,  regardless  of  the  dur¬ 
ation  of  the  ferry  flight. 

IN-FLIGHT  CALIBRATION  CHECKS 

Probably  the  single  most  important  feature  of  the  airborne  radiometer  systems  is  the  internal  calibra¬ 
tion  source  which  is  built  into  each  detector  assembly.  Through  the  use  of  this  source,  a  regularly  sched¬ 
uled  monitoring  of  the  detector  radiant  sensitivity  is  easily  accomplished.  At  the  turn  of  a  switch  on  the 
filter  control  panel,  each  radiometer  optical  path  is  interrupted  by  a  memory  mirror  and  radiant  flux  from 
its  Isolite  source  is  routed  to  the  detector,  The  detector  response  to  this  "memory  flux"  should  be  stable 
and  repeatable  throughout  the  mission.  Assuming  no  optical,  electrical,  or  mechanical  malfunction,  any 
variation  in  a  radiometer  response  to  its  "memory  flux" may  be  attributed  to  a  shift  in  system  radiant  sen¬ 
sitivity.  Since  the  "memory  flux"  response  for  each  radiometer  is  also  recorded  during  the  radiometer 
absolute  calibration  sequence,  the  calibration  constant  can  be  updated  to  compensate  for  any  moderate 
drift  in  the  system  radiant  sensitivity. 

In  order  to  maintain  control  of  data  quality,  all  radiometer  systems  have  their  "memory  flux"  responses 
monitored  at  regular  intervals.  During  the  airborne  data  collection  profiles,  a  special  block  of  "memory 
flux”  response  is  recorded  before  and  after  every  major  profile  element,  i.e.,  straight  and  level  sequences 
and/or  vertical  profile  ascents  and  descents. 

In  addition  to  the  "memory"  calibration  check,  a  second  in-flight  calibration  is  regularly  employed. 
The  integrating  nephelometer  designed  and  built  for  this  project  is  calibrated  Ly  inserting  a  well-defined 
reflecting  surface  into  the  projector  flux  beam  and  measuring  the  amount  of  flux  reflected  back  into  the  de¬ 
tector  irradiometer  channel.  This  calibration  scheme  is  devised  to  accomplish  two  procedural  goals.  First, 
it  allows  the  Integrating  nephelometer  to  function  as  a  ratio  measuring  device,  independent  of  absolute 
radiometric  calibration.  This  implies  operation  at  an  accuracy  equivalent  to  the  precision  level  of  the  lin¬ 
earity  calibration.  Second,  it  offers  a  method  of  indirectly  monitoring  the  stability  of  the  projector  output. 
The  more  stable  the  projector  output,  the  less  often  a  calibration  is  required.  However,  since  this  nephe- 
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lometer  is  a  direct  flow  device,  the  projector  lens  is  exposed  to  the  sample  aerosol  flowing  through  the  in¬ 
strument,  There  is  no  guarantee  that  the  projector  output  will  not  be  attenuated  by  a  contamination  of-the 
lens  surface.  Therefore  a  regular  calibration  check  is  desirable.  During  the  airborne  data  collection 
n  special  block  of  nephelometer  calibration  response  is  recorded  before  and  after  every-  vertical  pro¬ 
file  element. 


Immediately  preceding  the  first  “memory”  calibration,  a  special  multiplex  input  boards s  inserted  Into 
the  data  logger.  This  "A'D  calibration”  board  applies  internally  generated,  predetermined,  calibrated  dc 
voltages  to  each  of  the  42  data  logger  input  channels.  A  32  second  block  of  these  "A/D  caiibratidh!’ 
voltages  is  recorded.  This  information  allows  subsequent  data  processing  routines  to  check  for  and  correct 
any  variations  in  the  A/D  converter  operations.  _  ' 


STRAIGHT  AND  LEVEL  SEQUENCES  ‘ 

During  each  straight  and  level  element  of  the  data  collection  sequence  the  pilot  maintains  a  ^straight 
and  level  flight  attitude  at  a  maximum  indicated  airspeed  of  150  knots.  If  weather  and  terrain  permit,  the 
aircraft  heading  is  established  crosswind,  The  ideal  pattern  for  the  straight  and  level  sequences  would  re¬ 
sult  in  all  six  ground  tracks  falling  on  a  single  line  between  the  initial  point  and  the  turn  point.  See  Fig.:_ 
4-1.  The  six  straight  and  level  elements  are  actually  stacked  in  a  vertical  slab  of  atmosphere  approxi¬ 
mately  30  miles  long,  0.5  mile  wide,  and  1  mile  high. 


While  the  aircraft  is  traversing  the  approximately  15-minute  long  straight  and  level  element,  the  follow¬ 
ing  types  of  data  collection  occur. 

1.  Automatic  2n  scanners  map  upper  and  lower  hemisphere  radiance  distributions.  Complete 

radiance  maps  of  both  hemispheres  are  sequentially  completed  in  five  spectra)  bands.  -- 

2.  Integrating  nephelometer  measures  the  total  scattering  coefficient  and  directional  scattering 

coefficients  at  /330°  and  >3150°.  Ail  three  measurements  are  sequentially,  completed  in  five 
spectral  bands.  -  __  " 

3.  Dual  irradiometer  measures  the  total  upwelling  and  total  downwelling  irradiance.  Both  up- 
welling  and  downwelling  measurements  are  sequentially  completed  in  five  spectral  bands. 

4.  Large  aperture  telephotometer  measures  apparent  nadir  terrain  radiance.  This  measurement 
is  also  made  sequentially  in  five  spectral  bands. 

5.  Royco  particle  counter  runs  a  standard  4-minute  accumulation  cycle  and  automatically  prints 
out  the  accumulated  particle  distribution. 

6.  Peripheral  data  are  recorded  continuously,  These  data  include  airspeed,  pitch,  roll,  altitude, 
outside  temperature,  outside  pressure,  outside  dewpoint  temperature,  control  panel  selector 
settings,  and  project  time. 


VERTICAL  PROFILE  SEQUENCES 

During  each  vertical  profile  element  of  the  data  collection  sequence  the  pilot  maintains  an  approxi¬ 
mately  level  attitude,  a  straight  heading,  a  maximum  indicated  airspeed  of  150  knots,  and  an  average  rate 
ofdescent  or  ascent  of  1000  ft  per  minute,  Five  vertical  profile  elements  are  run  during  each  data  collec¬ 
tion  sequence.  These  elements  are  conducted  in  the  same  vertical  slab  of  atmosphere  that  was  defined  by 
the  preeeding  six  straight  and  level  elements. 
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While  the  aircraft  is  traversing  the  approximately  5-mtnute  long  climb  or  descent  leg,  the  following 
types  of  data  collection  occur, 

1,  integrating  nephelometer  measures  total  scattering  coefficient  only.  Each  ascent  and  descent 
is  run  continuously  from  top  to  bottom  in  the  same  spectral  band  in  order  not  to  miss  the  fine 
structure  in  the  scattering  coefficient  versus  altitude  profile.  Thus  a  complete  5000  ft  climb 
or  descent  is  required  for  the  measurement  in  each  of  the  five  spectral  bands. 

2.  Dual  irradiometer  measures  total  upweiiing  irradiance  only.  The  selection  of  spectral  bands 
is  matched  with  the  integrating  nephelometer. 

3r  -  Large  aperture  fel photometer  monitors  apparent  nadir  terrain  radiance.  These  measurements 
are  for  control  and  intercomparison  only.  The  selection  of  spectral  bands  is  matched  with 
the  integrating  nephelometer. 

4-  Peripheral  data  are  recorded  continuously.  These  data  are  the  same  as  during  the  straight 
and  level  sequences. 

POST-FLIGHT  CALIBRATION  CHECK 

Immediately  following  the  last  "memory''  calibration  and  just  before  terminating  the  data  collection 
sequence,  the  "A/D  calibration"  multiplex  input  board  is  again  inserted  into  the  data  logger.  Another 
32  second  block  of  "A/D  calibration"  voltages  is  recorded.  The  combined  preflight  and  post-flight  "A/D 
calibration"  data  provide  reliable  insight  into  data  logger  performance  throughout  the  data  collection  se¬ 
quence.  This  performance  is  continuously  monitored  throughout  the  entire  data  collection  sequence  via 
several; selected  "A/D  calibration"  voltages  which  are  hard-wired  into  the  data  multiplex  array. 

FLIGHT  PLANNING 

The  general  mission  plan  was  to  perform  several  standard  data  collection  profiles  over  each  of  the  pre¬ 
selected  ground  sites,  under  both  moonlight  and  starlight  conditions,  during  both  wet  and  dry  monsoon  con¬ 
ditions.  There  were  three  different  ground  sites,  each  chosen  for  its  particularly  unique  terrain  and  mete¬ 
orological  characteristics. 

The  three  geographic  areas  were:  (1)  the  inland  and  relatively  high  Khorat  plateau,  (2)  the  lower  delta 
regions  near  Lop  Buri,  and  (3)  the  southern  seacoast  in  the  vicinity  of  Rayong.  The  several  listings  of 
data  flights,  contained  in  Section  6,  illustrate  the  degree  of  success  attained  in  fulfilling  the  general  plan. 

During  every  mission,  top  priority  was  given  to  those  systems  essential  for  the  recovery  of  beam  trans¬ 
mission  and  path  radiance  data.  Thus  the  primary  systems  used  were  the  integrating  nephelometer  and  the 
upper  and  lower  hemisphere  scanners.  All  other  Systems  were  either  peripheral  or  backup  and  were  there¬ 
fore  subject  to  cannibalization  or  abandonment  in  the  event  of  any  malfunction  which  affected  a  primary 
system. 

4.2  GROUND-BASED  SYSTEM 

The  ground-based  data  collection  sequence  was  designed  to  supplement  the  airborne  data  whenever  the 
aircraft  was  operating  in  the  immediate  vicinity.  However,  ft  was  also  complete  enough  to  stand  alone 
when  the  aircraft  mission  was.di verted  or  aborted,  _  - 
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The  ground-based  instrument  system  has  several  operational  responsibilities.  First,  it  must  supply  a 
ground  level  data  base  to  allow  interpolation  of  various  measurements  between  ground  altitude  and  the 
lowest  attainable  aircraft  altitude.  Second,  it  must  supply  long  term  temporal  sampling  of  those  meteoro¬ 
logical  and  radiometric  quantities  which  relate  to  the  project  task.  The  ground  station  has  run  several 
24-hour  data  sequences  to  monitor  temporal  variations  in  particle  concentrations  and  scattering  coeffi¬ 
cients.  This  long  term  continuous  measurement  capability  may  in  fact  be  the  most  significant  capability 
inherent  in  the  system.  Third,  the  ground  system  serves  as  a  spare  parts  and  repair  facility  for  the  entire 
air'ground  operation.  In  the  event  of  a  catastrophic  failure  in  a  primary  airborne  instrument  or  assembly., 
the  equivalent  piece  of  instrumentation  is  reassigned  to  the  aircraft  from  the  ground-based  system.  The 
aircraft  can  then  return  to  service  with  a  minimum  of  “down  time"  and  repairs  can  be  accomplished  under 
the  more  convenient  ground  station  conditions. 

DATA  COLLECTION  SEQUENCE 

The  ground-based  system  was  assigned  three  radiometer  systems,  three  meteorological  instruments,  a 
Royco  particle  counter  system,  and  communications  equipment.  The  ground-based  data  collection  sequence 
is  not  as  automatic  as  the  airborne  sequence,  but  is  otherwise  quite  similar.  However,  there  is  a  basic 
difference  in  priorities.  During  each  ground-based  data  sequence,  top  priority  was  given  to  those  systems 
essential  for  the  recovery  of  inherent  background  radiances.  Consequently  the  primary  systems  used  were 
the  large  aperture  telephotometer  and  the  automatic  2n  scanner. 

Ine  ground-based  data  collection  sequence  was  broken  into  five  standardized  elements:  (1)  warmup 
and  calibration  check,  (2)  2 n  scanner  data  set,  (3)  integrating  nephelometer  data  set,  (4)  large  aper¬ 
ture  telephotometer  data  set,  and  (5)  Royco  particle  counter  and  meteorological  data  set. 

A  typical  data  collection  sequence  involving  items  2,  3,  4,  and  S  in  the  preceding  paragraph  required 
approximately  1  hour  and  30  minutes  elapsed  time. 

During  each  of  the  ground-based  standard  data  elements  the  following  type  activities  occur. 

Warmup  and  Calibration  Check.  Since  the  radiometric  systems  at  the  ground  station  are  identical  with 
those  on  the  aircraft,  a  similar  warmup  and  calibration  check  is  essential.  Approximately  2  hours  prior  to 
the  anticipated  data  collection  interval,  a  ground  station  "preflight"  is  initiated  as  follows.  (1)  All  ex¬ 
ternal  protective  covers  are  removed  and  each  device  is  checked  :or  visible  signs  of  damage  or  contamina¬ 
tion.  (2)  All  electrical  circuits  are  energized  and  test  sequences  run.  (3)  All  transducer  circuits  are 
energized  and  quiescent  signal  levels  checked.  And  (4)  Data  logger  multiplexing,  A/D  conversion,  and 
tape  transport  operation  are  verified. 


2n  Scanner  Data  Set.  The  ground-based  2n  scanner  is  mounted  on  a  swivel-head  tripod  on  the  top  of 
the  ground  system  enclosure.  In  this  configuration  it  can  be  manually  oriented  to  scan  either  the  upper 
hemisphere  sky  or  the  lower  hemisphere  terrain.  When  the  scanner  is  oriented  in  the  inverted  position  so 
that  it  is  scanning  the  lower  hemisphere,,  its  field  of  view  is  obviously  occulted  by  the  tripod  and  enclo¬ 
sure.  However,  for  many  applications.,  the  terrain  view  angles  of  greatest  interest  are  those  with  zenith 
angles  between  90° and  120°.  In  these  cases,  the  inverted  scanner  clear  field  of  view  is  adequate. 

For  a  In  scanner  data  set,  the  scanner  is  first  oriented  to  map  the  upper  hemisphere  sky  radiance.  A 
complete  radiance  map  is  sequentially  completed  in  five  spectral  bands.  Following  these  five  sky  maps, 
the  scanner  is  inverted  and  oriented  to  map  the  lower  hemisphere  terrain  radiance.  A  complete  radiance 


map  is  sequentially  completed  in  five  spectral  bands. 

Immediately  prior  to  and  following  each  radiance  map,,  the  scanner  is  directed  to  monitor  its  internal 
"memory  flux"  ant.  a  "memory"  calibration  is  recorded  on  the  data  tape.  In  this  manner,  as  in  the  air¬ 
borne  system,  a  tight  control  is  maintained  over  data  quality. 

Since  each  2n  scanner  map  takes  TA  minutes  elapsed  time  for  completion  (and  we  run  a  total  of  ten), 
the  total  2n  scanner  data  set  takes  a  minimum  of  30  minutes  to  complete. 

Integrating  Nephelometer  Data  Set.  The  ground-based  integrating  nephelometer  is  the  optical  equiva¬ 
lent  of  the  airborne  system.  The  only  differences  are  in  the  projector  lamps  and  in  the  ambient  light 
shrouds.  Operationally  they  are  identical.  The  detector  assemblies  are  completely  interchangeable.  The 
ground  shroud  is  larger  than  the  airborne,  allowing  more  efficient  interior  stray  light  control.  It  is  also 
exhaust-fan  ventilated  through  trapped  inlet  and  exhaust  ports,  allowing  continuous  operation  during  both 
daylight  and  nighttime  ambient  illumination  levels. 

For  an  integrating  nephelometer  data  set,  the  sequence  of  events  is  as  follows.  (1)  "Memory  flux" 
and  calibration  reflected  flux  values  are  measured  and  recorded.  (2)  The  irradiometer  channel  is  selected 
and  the  scattered  flux  measurement  representing  total  scattering  coefficient  is  recorded.  (3)  The  ^30  ra¬ 
diometer  channel  is  selected  end  the  scattered  flux  measurement  representing  the  directional  scattering 
coefficient  at  30°  is  recorded.  (4)  The  /3150  radiometer  channel  is  selected  and  the  scattered  f'ux  mea¬ 
surement  representing  the  directional  scattering  joefficient  at  150°  is  recorded.  And  (5)  "memoi-flux" 
and  calibration  reflected  flux  values  are  again  measured  and  recorded. 

The  five  step  sequence  described  in  the  preceding  paragraph  is  repeated  five  times,  once  in  each  of 
the  five  spectral  bands  under  investigation.  Ten  seconds  of  recording  time  is  allotted  to  each  measure¬ 
ment.  Thus  approximately  1  minute  elapsed  time  per  spectral  band  is  required  for  a  total  of  about  5 
minutes  for  the  complete  set.  Switching  and  control  activities  generally  inflate  the  necessary  elapsed 
time  to  about  7  or  8  minutes  for  an  integrating  nephelometer  data  set. 

The  ground-based  Royco  particle  counter  draws  its  aerosol  sample  from  inside  the  integrating  nephel¬ 
ometer  shroud.  As  a  result  the  two  systems  produce  a  large  data  set  of  closely  coupled  measurements 
relating  optical  scattering  coefficients  and  particulate  particle  counts. 

Large  Aperture  Telephoiometer  Data  Set,  The  large  aperture  telephotometer  assigned  to  the  ground 
station  is  a  multipurpose  device  which  is  used  in  a  variety  of  configurations.  Its  primary  aim  is  to  guar¬ 
antee  the  acquisition  of  reliable  inherent  terrain  radiance  data  under  the  most  severe  low  flux  conditions. 

The  large  aperture  telephotometer  is  generally  used  as  the  detector  assembly  on  a  large  swinging  ami 
goniophotometer,  or  as  s  scanning  telephotometer  on  a  panhead  tripod.  Both  schemes  are  devised  to  yield 
inherent  terrain  radiance  data. 

In  the  goniophotometer  configuration,  the  assembly  is  devised  so  that  the  telephoiometer  optical  line 
of  sight  is  directed  downward  toward  the  target  terrain.  The  line  of  sight  is  rotated  vertically  about  the 
ground  intercept  so  that  the  zenith  angle  of  the  line  of  sight  swings  between  92°  (nearly  horizontal)  and 
180°  (vertically  downward).  The  terrain  radiance  at  the  ground  intercept  is  measured  at  several  predeter¬ 
mined  zenith  angles.  For  this  project  the  selected  angles  were  93°,  95°,  100°,  105°,  120°,  135°,  and  180°. 

The  goniophotometer  frame  allows  the  line  of  sight  to  swing  through  the  vertical  so  that  zenith  angles 
on  pairs  of  reciprocal  azimuths  can  be  covered  with  one  setup.  The  normal  azimuthal  orientations  are  par- 
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allel  to  and  at  right  angles  to  the  lunar  azimuth.  The  ground  intercept  for  a  zenith  angle  of  180°  is  rectan¬ 
gular  (30.5  cm  x  61  cm)  and  is  the  center  point  of  the  target  area  in  all  orientations. 

In  the  tripod  configuration,  the  telephotometer  optical  line  of  sight  can  be  pointed  in  any  direction. 
Normally  the  same  zenith  angle  and  azimuth  orientations  are  used  in  this  configuration  as  in  the  gonio- 
photometer  configuration.  The  basic  difference  is  that  in  the  tripod  configuration  the  center  of  the  target 
area  is  different  in  each  new  orientation.  Also,  due  to  the  difference  in  optical  lever  arms  involved,  the 
rectangular  intercept  is  much  smaller  than  for  the  gonio  configuration.  The  advantage  of  the  tripod  con¬ 
figuration  is  its  ease  of  portability.  It  can  be  located  anywhere  within  35  meters  of  the  ground  enclosure 
and  picked  up  and  moved  by  one  man. 

For  a  large  aperture  telephotometer  data  set  the  following  sequence  of  events  takes  place.  (1)  The  in¬ 
ternal  "memory  flux"  is  monitored  and  recorded  and  (2)  the  optical  line  of  sight  is  set  to  zenith  angle 
180“.  A  calibration  target  is  inserted  into  the  line  of  sight  and  its  radiance  measured  and  recorded.  The 
calibration  target  is  a  flat  plywood  panel,  91.5  cm  x  91.5  cm,  painted  with  3M  Series  100  velvet  coat¬ 
ing  white.  No.  100-A10.  (3)  At  each  of  the  seven  desired  zenith  angles  the  optical  line  of  sight  is  oriented 
and  the  terrain  radiance  is  measured  and  recorded.  (4)  The  calibration  target  measurement  is  repeated  and 
the  "memory  flux"  is  remonitored  and  recorded. 

The  four  steps  above  are  repeated  in  each  of  the  five  spectral  bands  and  in  each  of  the  four  cardinal 
azimuths.  All  azimuths  are  relative  to  the  lunar  azimuth. 

Royco  Parlicle  Counter  and  Meteorological  Data  Set.  The  Royco  particle  counter  is  fortunately  an 
automatic  system.  Once  the  operator  selects  the  accumulation  interval,  the  device  can  be  set  to  accumu¬ 
late  and  print  out  at  regular  sample  intervals  without  further  attention. 

The  ground-based  Royco  system  was  set  up  to  accumulate  particle  counts  for  10  minutes.  After  this 
interval  it  printed  out  the  cumulative  count  per  channel,  cleared  its  memory,  and  immediately  began  a  new 
10-minute  accumulation.  This  sample  rate  continued  throughout  the  entire  mission  time  of  approximately 
4  hours.  At  selected  sites,  the  Royco  system  was  allowed  to  run  for  24  hours. 

At  the  beginning  and  end  of  each  mission,  during  the  later  deployments,  standardized  measurements  of 
wet  and  dry  bulb  temperature,  atmospheric  pressure,  and  surface  windspeed  and  direction  were  taken  and 
recorded. 

Irradiometer  Attachments.  Total  downwelling  irradiance  is  always  a  highly  desired  measurable  in  any 
field  situation.  Frequently  the  quantity  is  not  only  used  alone  as  flux  level  monitoring  parameter  but  is 
also  used  in  ratio  with  some  other  measured  radiance  to  calculate  a  reflectance  value. 

All  of  the  radiometer  telescopes  used  in  the  Visibility  Laboratory  field  systems  are  provided  with  man¬ 
ually  fitted  irradiometer  attachments.  The  same  detector  system  can  then  be  used  to  make  measurements 
of  both  the  total  downwelling  irradiance  upon  a  surface  and  the  directional  radiance  reflected  from  the  sur¬ 
face.  These  joint  measurements  combine  into  reflectance  values  with  an  accuracy  that  approaches  the 
precision  level  of  the  detector  readout.  The  standard  irradiometer  cap  attachment  is  illustrated  in  Fig.  4-2. 
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Fig.  4-2.  Irradiometer  Cap 


In  a  typical  ground-based  data  sequence,  the  cap  is  attached  to  the  2n  scanner  before  and  after  each 
upper  hemisphere  radiance  rr«p  is  completed.  This  provides  a  convenient  calculative  check,  inasmuch  as 
the  proper  integration  of  the  2n  scanner  upper  hemisphere  radiance  data  should  yield  the  same  value  of 
downwelling  irradiance  as  the  measurement  when  using  the  irradiometer  attachment.  More  important,  the 
irradiometer  cap  is  used  to  obtain  simultaneous  measurements  when  the  large  aperture  telephotometer  is 
in  operation. 

The  irradiometer  attachment  is  also  used  in  conjunction  with  the  large  aperture  telephotometer..  Before 
and  after  each  set  of  directional  terrain  radiance  measurements  the  large  aperture  telephotometer  is  orient¬ 
ed  vertically  arid  the  irradiometer  cap  attached  to  its  sunshade.  In  this  configuration  the  telephotometer 
can  measure  a  total  downwelling  irradiance  immediately  applicable  to  its  directional  radiance  measure¬ 
ments,  yielding  highly  reliable  directional  reflectance  data. 


5.  Data  Processing 


As  in  any  reasonably  complex,,  multi-input  sample  data  system,  there  is  a  large  amount  of  data  han¬ 
dling  required  before  the  scientific  analyst  ever  sees  the  package.  The  degree  of  sophistication  utilized 
for  this  portion  of  Project  SHED  LIGHT  data  is  illustrated  in  Fig.  £-1 .  In  this  generalized  flow  chart,  the 
step-by-step  processing  of  the  raw  field  data  is  illustrated  for  the  convenience  of  project  organization  and 
control  and  does  not  include  the  details  of  the  actual  computer  programming. 

The  airborne  data  and  ground-based  data  are  processed  separately  as  illustrated  in  the  data  flow 
schedule.  There  are  two  primary  reasons  for  this  approach.  First,  the  recording  format  of  the  two  data 
loggers  is  significantly  different.  Second,  each  data  collection  sequence,  airborne  and  ground-based,  is 
considered  to  be  a  completely  independent  activity  and  therefore  must  be  reduced  to  usable  format  in  the 
most  direct  manner  possible. 


5.1  AIRBORNE  DATA 

As  noted  in  Table  5-1  several  classes  of  data  are  recorded  during  an  airborne  data  set  (1)  radiometer 
outputs,  (2)  selector  control  codes,  (3)  transducer  orientation  and  flight  attitude  signals,  and  (4)  calibra¬ 
tion  voltages,  etc.  All  systems,  regardless  of  type  have  been  designed  for  an  electrical  output  between 
0  and  ±1  vdc  for  full  scale.  The  data  logger  has  a  least  count  of  + 1  mv  and  records  in  digital  format  at  a 
multiplex  rate  of  240  samples  per  second  and  a  tape  rate  of  200  bits  per  inch  (bpi)  and  3.56  inches  per 
second. 


Table  S-1.  Airborne  Data  Classifications 


Analog  Input 
Channel 

Signal 

Class 

Samples 

Per  Sec 

Item  Description 

1 

R 

60 

Upper  Hemisphere  Radiance 

2 

O/C 

15 

Upper  Hemisphere  2n  Scanner  Azimuth 

3 

0/C 

3 

Upper  Hemisphere  2 n  Scanner  Elevation 

4 

R 

60 

Lower  Hemisphere  Radiance 

5 

o/c 

15 

Lower  Hemi  sphere  2  n  Scanner  Azimuth 

6 

O/C 

3 

Lower  Hemisphere  2n  Scanner  Elevation 

7 

R 

2 

Irradiance,  Left  Dual 

8 

R 

2 

Irradiance,  Right  Dual 

9 

K 

2 

Calibration  Reference 

10 

R 

4 

Integrating  Nephelometer  (right) 

11 

K 

4 

Integrating  Nephelometer  (left) 

12 

R 

4 

Nadir  Radiance  (aft) 

13 

K 

4 

Calibration  Reference 

14 

M 

1 

AN/AMQ-17  Relative  Humidity 

15 

K 

2 

Calibration  Reference 

16 

K 

2 

Calibration  Reference 

17 

K 

c. 

Calibration  Reference 

18 

K 

2 

Calibration  Reference 

19 

K 

2 

Calibration  Reference 

20 

K 

2 

Calibration  Reference 

21 

O/C 

2 

Integrating  Nephelometer  Mode  Selector  (left) 

22 

M 

1 

Cambridge  137-C3  Dewpoint  Temperature 

23 

O/C 

3 

Optical  Filter  Identification 

24 

O/C 

2 

Integrating  Nephelometer  Mode  Selector  (right) 

25 

K 

2 

Calibration  Reference 

26 

o/c 

2 

Altitude 

27 

o/c 

3 

Roll 

28 

o/c 

2 

Pitch 

29 

O/C 

1 

Magnetic  Heading 

30 

0,  c 

1 

Indicated  Airspeed 

31 

K 

1 

Calibration  Reference 

32 

o/c 

2 

Source  Check  +990  mv 

33 

O/C 

2 

Source  Check  -990  mv 

34 

O/C 

3 

A  D  Zero  Check  000  mv 

35 

M 

3 

AN  AMQ-17  Temperature 

36 

R 

2 

Nadir  Radiance  (fwd) 

37 

M 

3 

AN/AMQ-17  Static  Pressure 

38 

K 

3 

Calibration  Performance 

39 

OC 

2 

A  D  Span  Check  +950  mv 

40 

O/C 

2 

Irradiometer  Prism  Identification 

41 

K 

3 

Calibration  Reference 

42 

K 

2 

Calibration  Reference 

R  =  Radiometer  Signal 

0/C  =  Orientation  and  Control  Signal 

M  =  Meteorological  Signals 

K  =  Internal  Calibration  Signal 
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PHASE  I 


The  first  phase  in  the  airborne  data  processing  schedule,  program  MIRE  1A,  is  designed  to  verify  the 
electrical  quality  of  the  recorded  data  and  build  in  some  insurance  against  data  loss  through  mishandling 
Program  MIRE  1A  operates  on  the  raw  field  tape  in  tha  following  manner 

1.  Examines  data  channels  34  and  39  which  monitor  A/D  calibration  input  voltages  of  0.000  vdc 
and  0.950  vdc. 

2.  Corrects  all  channels  for  errors  due  to  minor  variations  in  A  D  zero  and  or  span  calibration. 
Rejects  all  data  blocks  having  A/D  zero  or  span  variations  exceeding  10  mv. 

3.  Examines  each  3480-word  data  block  and  tabulates  its  status,  i.e.,  electrical  calibration 
and  parity. 

4.  Prints  out  block  status  tally  for  editing  and  evaluation. 

5.  Sorts  data  which  is  stored  in  original  A/D  multiplex  array  into  ordered  sets  by  analog  input 
channel.  This  operation  in  effect  gets  all  2n  scanner  data  into  one  set,  all  dewpoint  data 
into  another  set.  and  all  pitch  and  roll  data  into  another,  etc  All  data  is  ordered  chrono¬ 
logically  by  project  time. 

6.  Transfers  validated  and  corrected  data  to  800  bpi  storage  tapes  Writes  two  identical  storage 
tapes  to  protect  against  future  data  loss  due  to  mishandling  All  data  is  stored  in  corrected 
millivolt  values  in  the  original  field  tape  format. 
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PHASE  II 

The  second  phase  of  the  data  processing  schedule  program  MIRESHLT,  is  designed  to  convert  the  my¬ 
riad  of  raw  millivolt  values  on  the  data  storage  tape  into  interpretable  tables  of  calibrated  engineering 
quantities.  Program  MIRESHLT  is  the  most  comprehensive  and  expensive  routine  in  the  entire  schedule 
However,  it  is  the  application  of  this  routine  which  allows  the  results  of  a  3-hour  data  collection  flight  to 
be  available  for  preliminary  analysis  within  48  hours  of  the  tape  arrival  at  the  computer  center. 

Program  MIRESHLT  operates  or)  the  date  storage  tape  in  the  following  manner.  j 

1.  ''Applies  the  appropriate  calibration  values  to  each  set  of  data.  This  operation,  depending  | 

upon  the  system,  involves  the  application  of  multiplicative  factors,  the  interpolation  between  j 

tabular  values,,  or  the  calculation  of  inter-set  ratios  | 

2.  Calculates  and  applies  calibration  updates  to  all  radiometer  channels  based  upon  "memory 

calibration"  readings  interspersed  within  the  basic  data,  j 

3.  Performs  sample  calculations  to  illustrate  data  quality.  Compares  results  against  pre-  j 

determined  standards  of  maximum  and  minimum  allowable  values.  Flags  all  data  falling  out-  J 

side  allowable  limits.  Tallies  percentage  offscale  data  in  critical  channels.  I 

4.  Puts  out  printout  sheets  tabulating  results  of  all  operations  performed.  These  sheets  contain  j 

tables  of  all  measured  values  as  a  function  of  time  and  or  altitude.  In  addition  to  the  tabular  i 

presentation,,  all  quantities  can  be  plotted  upon  demand.  These  general  purpose  displays  are 

used  for  in-house  analysis  and  delivery  to  authorized  outside  users,  etc.  They  are  complete, 
including  all  calibration  values  used. 
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PHASE  III 

Because  the  output  from.  MIRESHLT  is  quite  voluminous,  special  sorting  routines  have  been  written  to 
retrieve  selected  portions  of  the  data  from  any  given  flight.  Program  MIREPROB  is  one  of  these  extraction 
routines.  The  function  of  program  MIREPROB,  however,  goes  slightly  beyond  a  simple  re-sort  in  that  it  per¬ 
forms  the  following  functions. 

1.  Extracts  from  the  data  storage  tape  all  raw  data  required  for  the  specified  task. 

2.  Applies  appropriate  calibration  values  in  the  same  manner  as  program  MIRESHLT. 

3.  Reorders  data  into  an  array  suitable  for  more  efficient  processing. 

4.  Calculates  some  intermediate  derived  quantities  and  sorts  by  tighter  specifications  on 
data  quality. 

5.  Puts  out  printout  sheets  tabulating  the  results  of  all  operations  performed. 

6.  Puts  out  problem  data  tape  for  use  in  final  calculations. 

It  is  anticipated  that  the  basic  functions  of  the  MIREPROB  program  can  be  absorbed  in  MIRESHLT  and 
the  final  program,  SHEDC130,  after  this  report  is  completed. 


PHASE  IV 

The  final  step  in  the  processing  of  a  typical  aiibome  data  tape  is  the  generation  of  the  desired  end 
data.  This  has  been  the  goal  of  the  entire  project.  All  that  has  gone  before  -  the  development  of  the  the¬ 
oretical  approach,  the  design  and  fabrication  of  the  instrumentation,  and  the  deployment  of  the  field  data 
collection  exercises  -  has  been  directed  toward  feeding  this  final  computational  phase. 

The  final  calculation  routine,  program  SHEDC130,  was  an  experimental  program  where  several  methods 
of  data  retrieval  were  attempted.  This  complicated  the  program  by  creating  storage  problems.  Conse¬ 
quently  an  intermediate  program,  BRIDGE,  was  developed  to  precede  SHEDC130  in  order  to  handle  minor 
interface  and  format  problems,  correct  the  scanner  data  for  known  errors,  and  eliminate  the  effects  of  ex¬ 
cessive  external  lights  for  the  starlight  flights.  Program  BRIDGE  generates  the  intermediate  applications 
data  tape. 

Program  SHEDC130  computes  the  data  in  Section  6  from  the  selected  measured  and  derived  quantities 
stored  on  the  application  data  tape  according  to  the  equations  in  Section  2.  Since  the  basic  method  de¬ 
scribed  in  Section  2  is  the  most  effective,  much  can  be  eliminated  in  program  SHEDC130,  allowing  programs 
BRIDGE  and  UNIT  CONV  (refer  to  Fig.  5-1)  to  be  absorbed  in  the  single  program  SHEDC130  after  completion 
of  this  report. 


$.2  GROUND-BASED  DATA 


The  data  processing  associated  with  the  ground-based  data  set  is  similar  in  concept  to  that  applied  to 
the  airborne  data.  The  primary  differences  are  the  result  of  a  different  recording  format  between  the  two 
data  loggers  and  the  significantly  lesser  amount  of  data  resulting  from  the  ground  station.  As  noted  in 
Table  5-2  the  same  general  classes  of  data  are  handled,  but  in  much  smaller  quantities.  Again,  all  sys¬ 
tems,  regardless  of  type,  have  been  designed  for  an  electrical  output  between  0  and  ±1  vdc  for  full  scale. 
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The  data  logger  is  normally  adjusted  for  a  least  count  of  +  0.1  mv.  It  also  records  in  digital  format;  how¬ 
ever,  the  norma!  incremental  sample  rate  is  only  approximately  e:~ht  samples  per  second. 


Table  5-2.  Ground-Based  Data  Classifications 


Analog  Input 
Channel 


Signal 

Class 


Measured  Quantity 


00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


O'C 

R 

O/C 

R 

O/C 

R 

o/c 

R 

O/C 

R 

O/C 

R 

R 

R 

o/c 

O/C 

R 

R 

R 

O/C 


Automatic  2n  Scanner  Elevation 

Automatic  2n  Scanner  Radiance 

Automatic  2 ,t  Scanner  Azimuth 

Automatic  2n  Scanner  Radiance 

Automatic  2n  Scanner  Azimuth 

Automatic  2n  Scanner  Radiance 

Automatic  2n  Scanner  Elevation 

Automatic  2n  Scanner  Radiance 

Automatic  2n  Scanner  Azimuth 

Automatic  2n  Scanner  Radiance 

Automatic  2n  Scanner  Azimuth 

Automatic  2 it  Scanner  Radiance 

Large  Aperture  Telephotometer 

Automatic  2n  Scanner,  w/irradiance  attachment 

Large  Aperture  Telephotometer,  Zenith  Angle 

Calibration  Reference 

Automatic  2 n  Scanner,  w/irradiance  attachment 
Integrating  Nephelometer  ( left) 

Integrating  Nephelometer  (right) 

Integrating  Nephelometer  Mode 


R  =  Radiometer  Signal 

O/C  =  Orientation  and  Control  Signal 


PHASE  I 

The  first  phase  of  the  ground-based  data  processing  schedule,  program  GND  I,  has  the  same  general 
function  as  in  the  airborne  case.  It  is  designed  to  verify  the  quality  of  the  recorded  data,  determine  the 
usable  quantity  of  data  available,  and  provide  data  storage  tapes  for  further  processing. 

Program  GND  I  operates  on  the  raw  field  tape  in  the  following  manner. 

1.  Examines  each  ten  character  word  and  identifies  and  tabulates  its  classification  and  parity. 

2.  Prints  out  tape  status  tally  and  data  classification  summary  for  editing  and  evaluation. 

3.  Sorts  the  data,  which  is  stored  in  the  original  “luiiioiex  array,  into  ordered  sets  by  analog 
input  channel. 

4.  Transfers  acceptable  data  to  storage  tapes.  All  data  is  stored  in  millivolt  values  in  the 
original  field  tape  format. 
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PHASE  II 


The  second  phase  of  the  ground-based  data  processing,  program  GND  II,  is  designed  to  convert  the  raw 
millivolt  values  on  the  storage  tape  into  inteipretable  tables  of  calibrated  engineering  quantities. 

Program  GND  II  operates  on  the  data  storage  tape  in  the  foliowi  ng  manner. 

1.  Applies  the  appropriate  calibration  values  to  each  set  of  data. 

2.  Calculates  and  applies  calibration  updates  to  all  radiometer  channels. 

3.  Performs  sample  calculations  to  illustrate  data  quality.  Flags  all  data  falling  outside 
pre-established  allowable  limits. 

4.  Reorders  automatic  2v  scanner  data  into  a  stylized  array  suitable  for  manual  analysis. 

5.  Puts  out  printout  sheets  tabulating  results  of  all  operations  performed.  These  sheets  contain 
tables  of  all  measured  values  as  a  function  of  project  time.  These  general  purpose  displays 
are  used  for  in-house  analysis,  delivery  to  authorized  outside  users,  and  selection  of  ground 
data  to  be  card-inputted  into  phases  III  and  IV  of  the  airborne  data  processing  flow,  etc. 

Due  to  the  reasonably  small  quantities  involved  and  the  sometimes  very  specialized  utilization  of  the 
ground-based  data,  there  was  no  automatic  processing  beyond  GND  II, 
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6.  Airborne  Data 


6.1  FLIGHT  DESCRIPTIONS 


Oata-gathering  flights  were  made  in  three  general  areas  in  Thailand:  the  Khorat  Plateau;  the  lowlands 
adjacent  to  the  Chao  Phraya  River,  and  over  the  land  and  the  Gulf  of  Siam  near  Rayong.  The  flight  descrip¬ 
tions  which  follow  identify  the  general  area  of  each  flight  fay  reference  to  a  fixed  geographical  location.  For 
the  Khorat  Plateau  area  the  references  are  the  TREND  site  and  the  city  of  Khorat.  For  the  lowlands  adja¬ 
cent  to  the  Chao  Phraya  River  the  reference  is  the  city  of  Lop  Buri  (with  Sing  Buri  as  secondary  reference). 
And  for  the  flights  over  the  Gulf  of  Siam  and  adjacent  land  the  reference  is  the  city  of  Rayong.  The  lati¬ 
tude  and  longitude  coordinates  and  approximate  elevation  above  sea  level  of  the  foregoing  geographical 
locations  are  given  in  Table  6-1. 

Table  6-1.  Location  and  Elevation  of  Geographical  References 


Approximate 


Reference 

Latitude 

Longitude 

Elevation  (Meters) 

TREND  Site 

14.5°  N 

102.0°  E 

600 

Khorat 

15.0°  N 

102.1°  E 

200 

Lop  Buri 

14.8°  N 

100.6°  E 

25 

Sing  Buri 

14.9°  N 

100.5°  E 

25 

Rayong 

12.7°  N 

101. 3°  E 

5 
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Tabie  6-2  is  a  summary  of  pertinent  data  for  the  flights  being  reported.  In  the  table  flight  numbers  are 
sequential.  Flights  82  and  88  are  reported  as  two  flights  because  each  flight  was,  in  effect,,  two  flights 
with  data  recorded  over  two  geographical  locations.  Flight  100  is  reported  as  two  flights  because  of  a 
distinct  change  in  atmospheric  conditions  which  occurred  during  the  flight.  The  date  of  each  flight  is  the 
Greenwich  date.  The  times  unaer  the  Total  Time  of  Data-Taking  column  are  Greenwich  mean  times  (GMT) 
and  in  parentheses  local  civil  times  (LCT),  which  is  GMT  plus  7  hours.  The  site  for  each  flight  is  the 
fixed  geographical  location  to  which  the  flight  is  referenced.  The  moon  phase  angle  can  be  defined  as  the 
angle  between  two  lines  from  the  center  of  the  moon,  one  to  the  center  of  the  sun  and  the  other  to  the  cen¬ 
ter  of  the  earth  (Russell  1916).  The  moon  zenith  angles  are  tabulated  from  the  time  when  sky  radiance  data- 
taking  began,  at  the  time  of  moon  transit  (minimum  zenith  angle)  when  applicable,  and  at  the  conclusion  of 
sky  radiance  data-taking. 


Table  6-2.  Flight  Data 


Flight 

No. 

Date 

1968 

Total  Time  of  Data-taking 

Start  End 

GMT  LCT  GMT  LCT 

Site 

Moon 

Phase 

Angle 

Moon  Zenith  Angle 

Start  Transit  End 

821 

15  Sep 

1748 

(0048) 

1856 

(0156) 

TREND 

101° 

82° 

75° 

82  n 

15  Sep 

1926 

(0226) 

2027 

(0327) 

Khorat 

102° 

59° 

53° 

86 

7  Oct 

1612 

(2312) 

1839 

(0139) 

Khorat 

14° 

23° 

2°  5° 

87 

12  Oct 

1226 

(1926) 

1337 

(2037) 

Rayong 

67° 

Before  Moonrise 

881 

19  Oct 

1411 

(2111) 

1526 

(2226) 

Rayong 

152° 

Before  Moonrise 

88  n 

19  Oct 

1542 

(2242) 

1632 

(2332) 

Rayong 

152° 

Before  Moonrise 

89 

21  Oct 

1320 

(2020) 

1410 

(2110) 

Lop  Buri 

176° 

Before  Moonrise 

1969 

91 

28  Feb 

1352 

(2052) 

1621 

(2321) 

Lop  Buri 

40° 

15° 

11°  18° 

92 

9  Mar 

1731 

(0031) 

1953 

(0253) 

Lop  Buri 

70° 

74° 

54° 

93 

10  Mar 

1811 

(0111) 

2034 

(0334) 

Khorat 

83° 

77° 

58° 

96 

25  Mar 

1347 

(2047) 

1614 

(2314) 

Khorat 

95° 

42° 

65° 

97 

27  Mar 

1432 

(2132) 

1700 

(0000) 

Rayong 

71° 

29° 

54° 

98 

30  Mar 

1412 

(2112) 

1625 

(2325) 

Lop  Buri 

37° 

12° 

1°  121' 

99 

2  Apr 

1339 

(2039) 

1606 

(2306) 

Khorat 

2° 

54° 

30° 

1001 

3  Apr 

1338 

(2038) 

1444 

(2144) 

Khorat 

11° 

67° 

O 

CO 

in 

100 II 

3  Apr 

1449 

(2149) 

1521 

(2221) 

Khorat 

11c 

52° 

49° 

101 

6  Apr 

1330 

(2030) 

1440 

(2140) 

Rayong 

50° 

Before  Moonrise 

102 

7  Apr 

1334 

(2034) 

1437 

(2137) 

Lop  Buri 

64° 

Before  Moonrise 
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The  first  seven  flights  being  reported,  No,  821  to  89,,  were  made  during  the  wet  season  in  the  Fall  of 
1968.  The  balance  of  the  flights  being  reported.  No.  91  to  102,  eleven  in  all,  were  made  during  the  dry 
season  in  the  Spring  of  1969.  There  was  a  distinct  difference  in  ground  lighting  between  those  two  sea- 
sons.  During  the  wet  season  the  ground  lights  were  primarily  electric  lights  around  homes  or  small  settle¬ 
ments  with  a  few  small  trash  fires  scattered  throughout  the  area.  During  the  dry  season,,  in  addition  to  the 
electric  lights,  there  were  many  areas  where  the  dried  vegetation  was  being  burned  following  the  harvest¬ 
ing  of  the  crops.  These  areas  were  extensive,  especially  in  the  Lop  Buri/Sing  Buri  area,  with  the  color  of 
the  fire  varying  from  yellowish  flames  to  deep  red  of  the  embers. 


FLIGHT  82  i 

Overcast  moonlight.  This  flight  was  conducted  over  the  TREND  site  shortly  after  midnight  local  time 
and  soon  after  moonrise.  The  TREND  site  was  situated  in  the  northern  foothills  of  the  Dangrek  Mountains. 
The  ground  cover  consisted  of  random  areas  of  small  deciduous  trees  and  tall  grass.  The  area  was  cut 
through  just  north  of  the  TREND  site  by  a  hard-surface  road  with  bare  reddish  soil  areas  on  either  side. 
There  were  very  few  ground  lights  in  the  vicinity  of  the  TREND  site,  but  there  was  a  river  dam  with  many 
electric  lights  a  few  miles  beyond  the  southwest  end  of  the  flight  path.  High  scattered  cirrus  clouds 
covered  the  sky,  partially  obscuring  the  moon,  and  low  stratus  clouds  were  located  southwest  of  the  flight 
area.  Moon  phase  angle  was  101°;  moon  zenith  angle  was  82°  at  start  of  sky  radiance  data-taking  and  75° 
at  completion. 

FLIGHT  8211 

Moonlight.  This  part  of  the  flight  started  at  0226  iocal  time,  over  an  area  approximately  65  km  east  of 
Khorat,  and  ended  at  0327.  The  terrain  was  flat.  The  vegetation  consisted  of  forested  areas  of  small  de¬ 
ciduous  trees  with  flooded  rice  paddies  scattered  among  the  trees.  The  cloud  cover  had  changed  suffic¬ 
iently  from  that  of  Flight  821  to  reveal  the  moon.  In  addition,  a  considerable  number  of  lightning  flashes 
were  observed  in  the  northwest  direction.  Moon  phase  angle  was  102°;  moon  zenith  angle  ranged  from  59° 
to  53° during  sky  radiance  data-taking. 

FLIGHT  86 

Moonlight.  Data  were  gathered  in  the  same  general  area  as  in  Flight  8211,  approximately  34  km  east 
southeast  of  Khorat.  The  data-taking  started  at  2312  local  time  and  continued  until  3139.  The  vegetation 
consisted  of  forested  areas  of  small  deciduous  trees  and  flooded  rice  paddies  The  sky  was  clear  except 
for  high  thin  cirrus  clouds.  The  moon  phase  angle  was  14  the  moon  zenith  angle  ranged  from  23'  to  5* 
during  sky  radiance  data-taking.  The  moon  zenith  angle  was  2°  at  time  of  transit. 

FLIGHT  87 

Starlight  before  moonrise.  Data  were  recorded  over  the  Gulf  of  Siam  approximately  8  km  south  of 
Rayong.  T1  3  water  depth  was  approximately  20  m  (10  fm).  Data-taking  started  at  1926  local  time  and  was 
completed  at  2037,  before  moonrise.  At  the  beginning  of  the  flight  there  were  high  cirrus  clouds  to  the 
north.  Near  the  end  of  the  flight  some  stratus  was  seen  along  the  beachline  at  an  estimated  altitude  of 
1000  to  1200  m. 


-  a 
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FLIGHT  88 1 


Starlight  before  moonrise  with  a  cloud  overcast.  Data  were  gathered  over  the  Gulf  of  Siamapproxi- 
mately  8  km  south  of  Rayong.  Depth  of  water  was  approximately  20  m  (10  fm).  Weather  was  described  as 
clear  with  some  clouds  at  600  m.  A  thick  overcast  was  seen  approximately  30  km  south  of  the  flight  area. 

A  thunderstorm  with  bright  lightning  flashes  was  in  the  northwest  direction.  Data-taking  started  at  2111 
local  time  and  ended  at  2226. 

FLIGHT  8811 

Starlight  before  moonrise  with  scattered  clouds.  The  location  for  this  flight  was  a  valley  about  40  km 
east  of  Rayong.  The  terrain  was  relatively  flat,  cultivated  (but  not  with  rice  paddies),  and  interspersed 
with  small  tree-covered  knolls.  In  addition  to  the  scattered  clouds  at  600  m,  there  was  an  overcast  140  km 
to  the  south  and  thunderstorms  were  seen  in  the  northwest  direction.  Data-taking  started  at  2242  local 
time  and  ended  at  2332. 

FLIGHT  89 

Starlight  before  moonrise  with  thick  overcast  at  1500  m.  The  flight  pattern  was  from  Lop  Buri  to  ap¬ 
proximately  40  km  west  of  Sing  Buri.  The  terrain  was  flat  (river  delta  country)  and  cultivated  with  rice 
paddies  and  other  crops;  there  were  also  small  scattered  settlements.  The  illumination  from  ground  lights 
on  the  surface  of  the  overcast  was  readily  discernible.  Data-taking  started  at  2020  local  time  and  ended 
at  21 10.  Data-taking  terminated  at  1372  m,  just  below  the  overcast. 

FLIGHT  91 

Moonlight.  The  flight  pattern  was  from  Lop  Buri  to  approximately  40  km  west  of  Sing  Buri.  The  terrain 
was  flat  (river  delta  country)  and  cultivated  with  rice  paddies  and  other  crops,  there  were  also  small 
scattered  settlements.  This  was  the  dry  season  (March)  when  crops  had  been  harvested,  ground  cover  had 
yellowed,  rice  paddies  were  dry,  and  the  stubble  was  being  burned  off.  Water  was  still  present  in  some  of 
the  fields  however  and  reflected  moonlight  was  observed  at  the  beginning  of  the  flight.  The  atmosphere 
was  free  of  clouds  but  quite  hazy,  especially  near  the  ground,  and  there  was  very  little  wind.  Data  were 
recorded  from  2052  local  time  to  2321.  The  moon  phase  angle  was  40°,  the  moon  zenith  angle  was  15  at 
the  start  of  sky  radiance  data-taking,  1 1  ° at  transit,  and  18°  when  sky  radiance  data-taking  ended. 

FLIGHT  92 

Moonlight  (approximately  one  and  one-half  days  before  the  quarter  moon).  The  flight  pattern  was  from 
Lop  Buri  to  approximately  40  km  west  of  Sing  Buri.  The  terrain  was  flat  (river  delta  country)  and  cultivated 
with  rice  paddies;  and  there  were  also  small  scattered  settlements.  This  was  the  dry  season  (March) 
when  crops  had  been  harvested,  ground  cover  had  yellowed,,  rice  paddies  were  dry,  and  the  stubble  was 
being  burned  off.  The  atmosphere  was  free  of  clouds  but  hazy  at  the  lower  altitudes.  Data  were  recorded 
from  just  after  midnight,  0031  local  time,  until  0253.  The  moon  phase  angle  was  70°,  the  moon  zenith  an¬ 
gle  during  sky  radiance  data-taking  ranged  from  74°  to  54°. 

FLIGHT  93 

| 

Quarter  moon.  Data  were  gathered  over  the  wooded  terrain  of  the  Khorat  Plateau  some  60  km  east  of  j 

Khorat.  There  were  very  few  artificial  lights  under  the  flight  pattern.  The  terrain  consisted  primarily  of  j 
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dry  rice  paddies  and  deciduous  trees.  This  was  the  dry  season  (March)  and  the  vegetation  (tree  leaves 
and  ground  cover)  had  lost  the  green  color  of  the  wet  season.  The  atmosphere  was  very  hazy  at  low  alti¬ 
tudes.  Some  clouds  at  an  undetermined  altitude  occasionally  obscured  the  moon.  Data-taking  started 
at  0111  local  time  and  ended  at  0334.  The  moon  phase  angle  was  831';  the  moon  zenith  angle  ranged  from 
77°  at  the  start  of  sky  radiance  data-taking  to  58°  at  the  end. 

FLIGHT  96 

Quarter  moon.  Data  were  gathered  over  the  wooded  terrain  about  60  km  east  of  Khorat.  There  were 
very  few  artificial  lights  under  the  flight  pattern.  The  terrain  consisted  primarily  of  dry  rice  paddies  and 
deciduous  trees.  This  was  the  dry  season  (although  it  had  rained  in  this  area  during  the  afternoon)  and 
the  vegetation  (leaves  on  trees  and  ground  cover)  had  lost  the  green  color  of  the  wet  season.  The  atmos¬ 
phere  was  very  hazy  at  low  altitudes.  There  was  considerable  thin  cirrus  estimated  at  6000  m.  The  data- 
taking  started  at  2047  local  time  and  ended  at  2314.  The  moon  phase  angle  was  95°;  the  moon  zenith  angle 
was  42°  at  the  start  of  sky  radiance  data-tak:ng  and  was  65°  at  the  end. 

FLIGHT  97 

Moonlight.  The  flight  was  made  over  the  Gulf  of  Siam,  approximately  130  km  south  of  Rayong,  where 
water  depth  was  about  55  m  (30  fm).  The  atmosphere  was  essentially  clear  except  for  small  scattered 
clouds  at  about  a  450-meter  altitude,  Data-gathering  started  at  2132  local  time  and  ended  at  2400.  The 
moon  phase  angle  was  71°;  the  moon  zenith  angle  was  29°  when  sky  radiance  data-taking  started  and  54° 
when  data-taking  ended, 

FLIGHT  98 

Moonlight.  This  flight  was  made  in  the  Lop  Buri  area.  Away  from  the  city  of  Lop  Buri  the  ground  cover 
consisted  of  harvested-crop  areas.  There  was  considerable  artificial  ground  lighting  in  the  area.  There 
were  high  thin  cirrus  clouds  with  haze  near  the  ground.  Data-taking  started  at  2112  local  time  and  ended 
at  2325.  The  moon  phase  angle  was  37°;  the  moon  zenith  angle  during  sky  radiance  data-taking  ranged 
from  12°,  to  1°  at  transit,  to  12°. 

FLIGHT  99 

Full  moon.  This  flight  was  made  approximately  60  km  east  of  Khorat.  The  terrain  was  relatively  flat 
and  forested  with  deciduous  trees  and  rice  paddies.  During  this  season  (dry  season)  the  tree  foliage  was 
sparse,,  dry,,  and  yellowed  and  the  rice  paddies  between  the  trees  were  dry.  There  were  a  few  artificial 
ground  lights.  Particularly  near  the  ground  the  atmosphere  was  hazy  and  there  were  some  cirrus  clouds 
remaining  after  a  local  thunderstorm  had  dissipated.  Data-taking  started  at  2039  local  time  and  ended  at 
2306.  The  moon  phase  angle  was  2°,  the  moon  zenith  angle  was  54°  at  the  start  of  sky  radiance  data-taking 
and  30°  at  the  end. 

FLIGHT  1001 

Moonlight.  This  flight  was  made  approximately  60  km  east  of  Khorat.  The  terrain  was  relatively  flat 
and  consisted  of  deciduous  trees  and  rice  paddies.  During  this  season  (dry  season)  the  tree  foiiage  was 
sparse,  dry,  and  yellowed  and  the  rice  paddies  between  the  trees  were  dry.  There  were  a  few  artificial 
ground  lights.  The  atmosphere  was  hazy  near  the  ground,  with  no  clouds  except  a  thunderstorm  toward  the 
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east.  Data-taking  started  at  2038  local  time  and  continued  until  2144.  The  moon  phase  angle  was  11  ,,  the 
moon  zenith  angle  during  sky  radiance  data-taking  was  67° at  the  start  and  53'  at  the  '-nd. 

FLIGHT  100  U 

Overcast  moonlight.  This  flight  was  a  continuation  of  Flight  1001,  after  the  formation  of  a  cloud  over¬ 
cast  and  in  the  same  area  approximately  60  km  east  of  Khorat.  The  terrain  was  relatively  flat  and  consisted 
of  deciduous  trees  and  rice  paddies.  During  this  season  (dry  season)  the  foliage  was  sparse,  dry,  and 
yellowed  and  the  rice  paddies  among  the  trees  were  dry.  There  were  a  few  artificial  ground  lights.  There 
was  a  continuous  cloud  overcast  at  1500  m.  Data-taking  started  at  2149  LCT  and  terminated  at  2221.  The 
moon  was  completely  obscured  by  the  overcast. 

FLIGHT  101 

Starlight  before  moonrise.  This  flight  was  made  over  the  Gulf  of  Siam,  approximately  95  km  south  of 
Rayong,  where  the  depth  of  the  water  was  60  m  (33  fm).  The  sky  was  free  of  clouds  but  the  atmosphere 
was  very  hazy  at  low  altitudes,  presumably  because  of  an  offshore  (north)  wind.  Data-taking  started  at 
2030  LCT  and  ended  at  2140.. 

FLIGHT  102 

Starlight  before  moonrise.  The  flight  pattern  was  from  15  to  90  km  south  of  Lop  Buri.  The  terrain  was 
flat,  cultivated  with  rice  paddies,  and  included  small  settlements.  During  this  dry  season  the  rice  paddies 
were  dry  and  other  vegetation  had  lost  its  lush,  green  appearance.  There  were  no  clouds  but  the  atmos¬ 
phere  was  very  hazy  at  low  altitude,  presumably  from  the  burning  off  of  stubble  in  the  dried  rice  paddies. 
Data-taking  started  at  2034  and  ended  before  moonrise  at  2137. 


6.2  PRESENTATION  OF  DATA 


Data  are  presented  in  tables  in  Section  6.3,  one  set  of  tables  for  each  flight  with  the  table  sets  ar¬ 
ranged  sequentially  by  flight  number.  Each  table  set  consists  of  a  flight  description  followed  by  tables  of 

Irradiance, 

Directional  Reflectance  of  Background, 

Total  Scattering  Coefficient, 

Beam  Transmittance  from  Ground  to  Altitude, 

Path  Radiance  from  Ground  to  Altitude,  and 
Directional  Path  Reflectance  from  Ground  to  Altitude. 

The  table  sets  are  color-coded.  Each  set  of  tables  is  printed  on  paper  of  one  color  and  two  colors  are 
used  a'ternately  so  that  the  tables  from  one  flight  are  readily  distinguishable  from  the  table  sets  of  the 
flight  p  eceding  and  following. 

Each  optical  property  is  tabulated  in  the  tables  as  a  function  of  altitude  except  for  the  Directional  Re¬ 
flects  tee  of  Background  which  is  tabulated  as  a  function  of  zenith  angle.  The  data  are  further  subdivided 
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by  optical  filters.  Additionally,  for  those  flights  when  the  moonlight  was  sufficiently  intense  to  cause  di¬ 
rectional  effects,  tables  of  Directional  Reflectance  of  Background,  Path  Radiance  from  Ground  to  Altitude, 
and  Directional  Path  Reflectance  from  Ground  to  Altitude  are  presented  in  four  sets  for  the  four  azimuths, 
with  respect  to  the  moon,  of  0°,  90°,  180°,,  and  270°. 

The  data  tables  are  not  complete.  There  are  two  reasons  for  this.  Fir  St,  during  some  of  the  flights  the 
scattered  flux  (by  which  the  total  scattering  coefficient  is  determined)  was  below  the  sensitivity  threshold 
of  the  nephe lometer  Filter  4.  Accordingly,  for  those  flights  the  Filter  4  data  are  not  included.  And  be¬ 
cause  beam  transmittance  is  computed  directly  from  the  total  scattering  coefficient,  the  beam  transmittances 
and  two  optical  properties  which  include  the  beam  transmittance  in  their  derivation,  Path  Radiance  from 
Ground  to  Altitude  and  Directional  Path  Reflectance  from  Ground  to  Altitude,  cannot  be  included.. 

The  second  reason  was  the  very  low  radiance  values  sometimes  encountered  during  data-taking,  values 
below  the  sensitivity  threshold  of  the  sky  scanning  radiometers.  And  because  sky  radiances  are  used  in 
computing  Irradiance,  Directional  Reflectance  of  Background,  Path  Radiance  from  Ground  to  Altitude,  and 
Directional  Path  Reflectance  from  Ground  to  Altitude,  those  properties  for  the  filters  in  question  cannot  be 
included. 

The  numerical  values  in  the  tables  are  expressed  either  as  decimal  numbers  or  as  the  products  of  deci¬ 
mal  numbers  and  a  power  of  10.  for  example,  in  the  Inadiance  table  for  Flight  821  the  irradiance  values 
are  written  in  the  form  of  3.144  E-05,  the  computer  way  of  writing  3.144  x  10~5.  If  the  number  were 
3.144 E  05,  that  is,  with  no  minus  sign,  it  would  be  equivalent  to  3.144  x  105.  In  the  same  table  the  al¬ 
bedos  are  decimal  numbers  m  the  form  of  .049. 

In  all  these  tables  the  data  are  tabulated  by  optical  filters.  The  spectral  responses  of  the  filtered 
phototubes  for  Filters  1  through  4  are  shown  in  Table  6-2A.  These  data  are  plotted  in  Fig.  1-4  in  the 
Introduction.  _ 

Table  6-2A.  Standardized  Sensitivity-Transmittance  SATA  of  the  Four  Narrow  Band 
Filter-Phototube  Combinations 


* 

A 

Filter 

No.  1 

A 

Filter 

No.  2  f 

A 

Filter 

No.  3 

A 

Filter 

No.  4 

460 

0.007 

500 

0.057 

635 

0.002 

715 

0.008 

465 

0.149 

505 

0.415 

640 

0.049 

720 

0.054 

470 

0.848 

510 

0.315 

645 

0.180 

725 

0.149 

475 

1.000 

515 

0.964 

650 

0.553 

730 

0.447 

480 

0.933 

520 

1.000 

655 

0.995 

735 

0.881 

485 

0.830 

525 

0.621 

660 

1.000 

740 

1.000 

490 

0.179 

530 

0.135 

665 

0.942 

745 

0.903 

495 

0.029 

535 

0  029 

670 

0.863 

750 

0.798 

675 

0.748 

755 

0.658 

680 

0.477 

760 

0.509 

685 

0.159 

765 

0.295 

690 

0.050 

770 

0.103 

695 

0.017 

775 

0.029 

780 

0.009 

*  Wavelength  is  in  nanometers. 


t  A  peak  transmittance  of  515  nm  was  desired.  This  required  excessive  trimming.  A  peak  transmittance 
of  520  nm  was  accepted  as  a  compromise. 
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DATA  RELIABILITY 

This  report  presents  the  results  of  a  major  effort  to  obtain  meaningful  atmospheric  optical  data  Cer¬ 
tain  aspects  of  the  data  reliability  are  discussed  in  Section  I  of  this  report;  additional  information  is 
given  in  the  paragraphs  which  follow. 

The  taking  of  atmospheric  optical  data  during  moonlight  and  starlight  presented  problems  of  what 
optical  instruments  to  use  and  how  to  achieve  the  necessary  sensitivity  to  use  them.  The  nephelometer 
was  designed  and  constructed  for  this  project.  The  sky  scanning  radiometers  were  already  designed  and 
being  constructed  before  the  night  requirement  arose  so  that  the  problem  in  this  case  was  how  to  achieve 
maximum  sensitivity.  This  was  also  the  situation  in  the  case  of  the  irradiometers  and  the  large  aperture 
telephotometers. 

Following  this  paragraph  are  several  subheadings  describing  separate  problems  and  how  these  problems 
were  handled.  The  solutions  to  some  of  the  problems  were  very  straightforward.  The  solutions  to  others 
were  compromises.  The  inevitable  result  of  compromise  is  a  reduction  in  the  reliability  of  the  data.  We 
think,  however,  that  in  general  these  data  are  good  and  in  most  cases  quite  reliable.  In  other  cases  the 
data  suffer  from  the  compromises. 

Thermal  Control.  The  spectral  sensitivity  of  multiplier  phototube  cathodes  varies  as  a  function  of  their 
temperature  (Murray  and  Manning,  1960,  and  Boileau  and  Miller,  1967).  This  variation  is  not  only  a  simple 
change  of  sensitivity  with  temperature;  it  is  also  a  function  of  wavelength.  For  example,  lowering  the  tem¬ 
perature  of  the  cathode  may  increase  the  sensitivity  by  10%  in  the  short  wavelength  part  of  the  visible 
spectrum  while  the  sensitivity  in  the  long  wavelength  part  of  the  spectrum  is  decreased  by  50%.  Accord¬ 
ingly,  for  measurement  accuracy  it  is  essential  that  the  phototube  cathode  be  maintained  at  a  constant 
temperature.  Thermoelectric  junction  temperature  control  units,  developed  at  the  Visibility  Laboratory  and 
capable  of  maintaining  the  temperature  of  the  cathodes  at  a  selected  temperature,,  ±0.5  C,  were  used  in 
all  airborne  and  ground-based  optical  instruments  during  Project  SHED  LIGHT  data-taking. 

Instrument  Calibrations.  Calibrations  of  the  optical  instruments  were  carried  out  in  the  radiometric 
calibration  facility  at  the  Visibility  Laboratory  (refer  to  Section  3.4.  Radiometric  Calibration  Procedures). 
Several  different  secondary  standards  of  luminous  flux  were  used  as  the  radiometric  standards.  The  in¬ 
struments  were  calibrated  as  units,  that  is,  with  optical  components  assembled  in  normal  operational  con¬ 
figuration.  Because  of  the  high  sensitivity  of  the  equipments  (the  maximum  possible  sensitivity  for  oper¬ 
ating  at  very  low  flux  levels),  special  precautions  were  made  to  preclude  stray  light.  The  standard 
deviations  resulting  from  the  calibrations  were  usually  +3%  with  some  instruments  going  as  high  as  ±5%. 

Field  Calibrations.  Each  optical  instrument  is  fitted  with  an  optical  filter  changer  mechanism.  Each 
of  the  filter  changer  mechanisms  has  one  filter  position  fitted  with  an  angled  front  surface  mirror  which 
reflects  flux  from  a  radioactive  flux  source  to  the  cathode  of  the  phototube.  During  the  calibration  of  each 
instrument  the  radiance  of  this  flux  source  was  recorded.  This  flux  source  was  used  in  the  field  as  a  cal¬ 
ibrating  device  and  the  flux  from  this  source  was  recorded  before  and  after  each  data-gathering  run. 

Data  Reduction.  All  data  reduction  has  been  done  by  computer.  Instructions  put  into  the  data  reduc¬ 
tion  program  were  to  identify  the  voltages  related  to  the  radiance  of  each  radioactive  flux  source,,  to  av¬ 
erage  these  voltages,  and  to  print  out  the  maximum,,  minimum,  and  average  voltage  values  The  computer 
then  compared  the  average  voltage  value  with  the  voltage  value  recorded  during  calibration  and  adjusted 
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the  instrument  calibration  to  bring  the  two  corresponding  radiance  values  into  agreement.  If  the  intensity 
of  the  radioactive  flux  source  is  constant,  and  it  is  assumed  to  be  so,  this  procedure  corrects  (within  the 
range  of  the  voltage  variation)  any  error  caused  by  small  changes  of  multiplier  phototube  sensitivity. 

The  data  recorded  on  the  airborne  magnetic  tape  data  logger  are  voluminous,  far  too  many  to  be  studied 
individually.  Accordingly,  another  instruction  in  the  data  reduction  program  was  to  time-average  the  ra¬ 
diometric  data  or,  as  in  the  case  of  the  sky  scanning  radiometers,  to  get  one  average  value  for  each  360° 
scan  (this  averaging  was  done  only  for  the  starlight  cases).  This  procedure  tended  to  reduce,  or  even 
eliminate,  the  random  fluctuations  in  radiance  values  due  to  the  small  changes  of  phototube  sensitivity. 
Thus  the  radiance  values  reported  and  used  in  deriving  other  atmospheric  properties  in  this  report  are  be¬ 
lieved  to  be  accurate  within  the  standard  deviations  reported  above. 

Phototube  Soi sc,  A  multiplier  phototube  has  a  high  degree  of  precision  when  operating  at  relatively 
high  flux  levels.  It  retains  this  relatively  high  precision  as  the  flux  level  lowers  until  the  flux  level  nears 
the  limiting  sensitivity  of  the  phototube.  At  this  time  the  precision  starts  to  lessen  because  of  phototube 
noise.  Continued  lowering  of  the  flux  level  is  accompanied  by  rapidly  increasing  noise  and  loss  of  pre¬ 
cision  in  the  phototube  signal  until  a  flux  level  is  eventually  reached  where  the  signal  from  the  phototube 
is  too  imprecise  to  be  of  value.  Therefore  a  level  of  precision  had  to  be  established  below  which  the  data 
were  unacceptable.  The  criterion  used  in  SHED  LIGHT  data  reduction  was:  when  the  phototube  signal  for 
a  20%  change  in  flux  varied  20  +  10%,  the  data  were  discarded.  It  must  be  realized  that  the  above  criterion 
indicates  only  the  data  to  be  discarded.  The  data  retained  are  better,  higher  precision  data. 

Data  Interpretation.  Lightning  flashes  were  observed  during  some  of  the  data -gathering  runs  and  these 
were  often  recorded  by  the  upper  sky  scanning  radiometer.  During  all  of  the  flights  over  land  and  some  of 
the  flights  over  water,  artificial  lights  were  present  on  the  ground  or  on  boats  at  sea.  These  lights  were 
steady  lights  and  were,  of  course,  recorded  by  the  lower  sky  scanning  radiometer.  It  was  believed  the 
lightning  flashes  and  ground  lights  were  artificialities  that  should  be  eliminated  from  the  data,  if  possible. 
Acco-Hingly,  for  starlight  skies  the  computer  was  programmed  to  compare  all  upper  and  lower  sky  radiances 
with  the  radiance  of  the  zenith  sky  and  to  reject  all  radiances  one  order  of  magnitude  greater  than  the  zen¬ 
ith  radiance.  While  this  procedure  eliminated  the  radiances  one  order  of  magnitude  greater  than  the  zenith 
radiance,  it  did  not  eliminate  the  radiances  from  small  lights  of  lesser  intensities.  The  above  procedure 
could  not  be  used  in  moonlight  flights  because  of  the  high  value  of  the  moon's  radiance  compared  to  the 
radiance  of  the  zenith  sky.  In  those  cases  all  data  are  included.  Fortunately,  during  moonlight  the  gen¬ 
eral  flux  level  is  approximately  two  orders  of  magnitude  above  that  of  starlight,  so  the  effect  of  the  light¬ 
ning  flashes  and  ground  lights  for  the  moonlight  cases  was  reduced  by  a  factor  of  approximately  two  orders 
of  magnitude  from  that  of  sta-light.. 
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Irradkmcc.  The  irradiances  H(z,d)  and  H(z,u»,  albedos  H(z.u)  H(z.d).  scalar  irradiances  h(z.d).  h(z.u), 
and  h(z).  and  scalar  albedos  h(z,u)'''h(z.d)  are  presented  in  columnar  form  as  a  function  of  altitude  The 
altitudes  are  given  in  meters  above  ground  level  at  intervals  of  approximately  300  m.  The  lowest  reported 
values  are  those  computed  from  data  taken  at  minimum  aircraft  altitude.  Because  of  data  fluctuations  with 
altitude  it  was  impractical  to  extrapolate  the  data  to  zero  altitude. 

There  are  five  tabies  of  irradiance  for  each  flight,  one  table  for  each  optical  filter.  The  dimensions 
and  units  for  the  irradiances  are  "watt  m-2  fsnT1",  Albedos  are,  of  course,  dimensionless. 


Some  albedo  values  appear  to  be  excessively  great  indeed,  somr>  aro  greater  than  unity.  As  stated  in 
the  Theory  Section,  irradiances  are  calculated  from  upper  and  lower  sky  radiances  The  mcusurcu  iower 
sky  radiances  included  the  effect  of  ground  lights.  Tire  computer  program  designed  to  eliminate  the  effect 
of  those  lights  during  the  calculation  of  the  irradiances  was  not  always  successful.  Thus  some  values  of 
the  upwelling  irradiance  and,  consequently,  the  albedo  values  calculated  from  those  irradiance  values,  are 
too  great. 

Directional  Reflectance  of  Hark  (’round.  The  Directional  background  Reflectance  (>R o{z.0.tft)  is  tabu¬ 
lated  by  zenith  angle  in  five  columns  for  the  five  optical  filters.  For  the  starlight  flights,  or  equivalent, 
one  table  of  data  is  presented.  For  the  moonlight  flights  four  tables  of  data  are  presented,  one  for  each  of 
the  four  azimuthal  points.  Reflectance  is  dimensionless. 

Background  Radiance.  Background  radiance  is  not  included  ir  these  tables,  it  may  be  computed  from 
the  foregoing  Irradiance  and  Directional  Reflectance  of  Background  by  the  equation 

1 

bNo(O,0,0)  =  ~  bRot0 .0.6)  H(O.d)  .  (6-1) 

U 

Examples.  For  Flight  821,  Filter  1:  the  irradiance  at  the  lowest  altitude  is  3.14E-5  watt  m- 2 /.im " 1 '  the 
directional  background  reflectance  for  a  zenith  angle  of  93°  is  1.04 

Then 

1 

bNo(0,93J)  =  ~x  1.04  x  3.14E-5  , 

Tt 

and 

bNo(0,93°)  -  1.04E-5  wattfT1  m'2  fim~l  . 

Example.  For  Flight  82 II,  Filter  1 :  the  irradiance  at  the  lowest  altitude  is  7.49E-5  watt  m'3  (im-  1  the 
directional  background  reflectances  for  a  zenith  angle  of  93°  and  for  the  different  azimuthal  angles  with 
respect  to  the  moon  are 


6  =  0° 

bRo(0,93°,0c)  =  0.433, 

(5  ~  90° 

bRo(0.93°.90'- )  -  0.566, 

6  =  180° 

bRo!0,93°,180c)=  0.578, 

4>  -  270° 

bRo(0,93°,270°)=  0.312. 

With  the  above  reflectances,  the  radiances  computed  with  Eq.  6-1  are 


and 


bNo(0,93°,0c)  =  1.03E5  watt  ft-1  m-2  , 

bNo(0,93°,90°)  =  1.35E-5  watt  52  1  m~2  /.urf  \ 
bIMo(0,93°,180°)  =  1.38E-5  watt  m-2/im-1, 

bNo(0,93c,270°;  =  0.744E-5  watt  5T 1  m"2  //m"1. 
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Total  Scattering  Coefficient.  The  total  scattering  coefficient  s{z)  is  tabulated  by  altitude  in  five  col 
umns  for  the  five  optical  filters.  The  altitude  is  given  in  meters,,  above  ground  level,  at  approximately 
30.5  m  (100  ft)  increments.  The  dimension  and  unit  for  the  total  scattering  coefficient  are  "per  meter' 

The  total  scattering  coefficient  is  used  for  the  calculation  of  atmospheric  beam  transmittance.  It  was 
so  used  in  the  various  equations  of  the  Theory  Section  to  calculate  the  values  of  atmospheric  beam  trans¬ 
mittance  in  the  tables  which  follow  in  Section  6.3. 

Boom  'lYansmittmee  from  Ground  to  Altitude.  Atmospheric  beam  transmittance  is  tabulated  for  the 
slant  paths  of  sight,  between  the  ground  and  altitudes  shown,  f or  the  seven  zenith  angles  from  93°  to  180°. 
There  are  five  tables,  one  for  each  optical  filter.  This  property  is  dimensionless. 

The  symbol  for  atmospheric  beam  transmittance  is  Tr(z,tf),  where  r  is  the  length  of  the  path  of  sight, 
z  is  the  altitude  of  the  observer  or  sensor,  and  0  is  the  zenith  angle  of  the  path  of  sight.  The  path  of 
sight  geometry  is  illustrated  in  Fig.  2-1  shown  in  Section  2  (also  refer  to  Appendix  A,  p.  501 ).  Thus  the 
beam  transmittance  for  Flight  821,  Filter  1,  zenith  angle  of  105°,  from  an  altitude  of  305  m,  where  because 
of  the  secant  relationship  r  =  1178,  is 


Tim(305,105°)  =  0.804  . 

The  secant  relationship  illustrated  in  Fig.  2-1  does  not  nold  for  the  zenith  angle  of  93°  because  of  the 
earth's  curvature.  (Refer  to  Earth  Curvature  in  Theory  Section.)  In  this  case  the  path  length  r,  when  the 
earth  curvature  is  considered,  is  5880  m  instead  of  5828  m  calculated  by  the  secant  relationship.  Thus 
the  transmittance  is 


T58SO(305,93°)  =  0.337  . 

Path  Radiance  from  Ground  to  Altitude.  Path  radiance  N*(z,d,d)  is  tabulated  for  the  slant  paths  of 
sight,  between  the  ground  and  the  altitude  shown,,  for  the  seven  zenith  angles  from  93°  to  180°.  There  are 
live  tables,  one  for  each  optical  filter.  For  moonlight  flights  there  are  four  such  sets  of  data,,  one  set  for 
each  of  the  four  azimuthal  directions  of  0°,  90°,  180°  and  270°.  The  dimensions  and  units  are 
“watt  Q-1  m~2  //m-1." 

Examples.  For  Flight  821,,  Filter  1,,  zenith  angle  of  105°,  from  an  altitude  of  305  m,  and  path  length  r 
of  1178  m,  the  path  radiance  is 

N*17g(305,105°.ci)  --  1.04E-6  wattn-1  nT2,mr>  . 

Similarly,  for  Flight  8211  using  the  same  filter,,  zenith  angle,  and  altitude,  the  path  radiances  are 

N*I78(305,105°„0°)  =  5.06E-6  watt  IT1  nT^/m'1  , 

N*I78(305, 105^,90°)  =  2  50E-6  watt  Q"1  m-2  ,mT' 

N*l7g(305,105°.180°)  =  2.68E-6  watt  «_1m“2(/m"'  , 
and  N*  ]78(305,105°,270J)  =  2.47E-6  watt  fl~ '  m"2  ,<m-1  . 

Note  that  the  path  radiance  for  the  path  of  sight  in  the  direction  of  the  moon  is  greater  than  the  other  path 
radiance  values  by  a  factor  of  2. 
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/);>(•<  tinned  Path  Relied  once  from  Ground  to  Altitude.  Directional  path  reflectance  R*(z,d,</j)  is  tabu¬ 
lated  for  the  slant  paths  of  sight,  for  the  path  length  between  the  ground  and  the  indicated  altitude,  and 
for  the  seven  zenith  angles  from  93° to  180°.  There  are  five  tables,,  one  for  each  optical  filter,  and  in  the 
case  of  the  moonlight  flights  there  are  four  data  sets,  one  for  each  of  the  four  azimuthal  angles,  with  re 
spect  to  the  moon,  of  0°,  90°,  180°,  and  270°.  This  property  is  dimensionless. 

The  user  of  these  tables  is  urged  to  read  Appendix  D  for  a  clearer  understanding  of  the  concept  of 
directional  path  radiance. 

Contrast  Transmittance.  Contrast  transmittance  brr(z,fl,(,M  is  not  tabulated.  This  optical  property  is 
a  function  of  atmospheric  beam  transmittance,,  path  radiance,  and  the  inherent  background  radiance  against 
which  an  object  is  viewed.  The  background  radiance  measured  by  the  airborne  radiometer  was  the  average 
radiance  of  many  individual  areas  integrated  into  one  value  by  the  51' circular  field  of  the  radiometer  The 
inherent  background  radiance  against  which  the  object  is  viewed  will  probably  never  be  the  same  as  the 
measured  average  radiance.  If  the  area  of  that  background  is  sufficiently  small,  its  radiance  will  have  no 
appreciable  effect  on  the  measured  average  background  radiance  and  thus  will  have  no  appreciable  effect 
on  the  path  radiance.  In  this  case  decoupling  exists  between  the  object  background  area  and  the  path  ra¬ 
diance  and  under  this  circumstance  of  decoupling  the  contrast  transmittance  may  be  calculated  by  Eq  3  of 
Appendix  D: 

bTt(z.e.<f>)  =  {l  +[R>,f?,<M/bRo(zt,(f,<i)l}  ‘  . 

it  is  suggested  that  the  user  of  this  report  read  the  discussion  of  decoupling  on  page  554  of  Appendix  B 

Examples.  On  a  night  similar  to  that  of  Flight  821,  assume  that  the  contrast  transmittance  is  needed 
for  a  slant  path  of  sight  15°  below  the  horizon  (zenith  angle  of  105°),,  from  an  aircraft  f lying  at  an  altitude 
of  1220  m,  and  for  an  object  located  on  a  concrete  pad  (surrounded  by  vegetation)  which  has  a  known  re¬ 
flectance  in  the  direction  of  the  path  of  sight  of  0.600.  Assume  further  that  the  sensor  sensitivity  is  very 
close  to  515  nm.  From  the  tables  of  Flight  821  the  directional  path  reflectance  for  a  zenith  angle  of  105°. 
Filter  2,  and  an  altitude  of  1219  m  is  6.10E-1.  Then  by  using  the  above  equation 

hr47l0(1219,105°.<3)  -  (1  +  t0.610/0.600)!"‘  ^  0  496  . 

When  the  aircraft  has  proceeded  to  the  point  where  the  zenith  angle  is  120°,,  the  corresponding  directional 
path  reflectance  is  1.98E-1.  Now,  assuming  there  is  no  change  in  inherent  background  reflectance  with 
change  of  the  reflectance  angle,  then 


br24  3g(  1 21 9, 1 20°,c5)  =  [1  +(0.198/0.600)1"'  -  0.752  , 

When  the  aircraft  is  directly  above  the  object,  the  directional  path  reflectance  is  5.40E-2  and  the  contrast 
transmittance  would  be 


brni9(1219.180°,6)  =  (1  +  (0.054/0.600)1" 1  -  0.917  . 
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Now,  instead  of  a  concrete  pad  let  us  assume  the  object  is  located  on  a  black  macadam  road  (sur¬ 
rounded  by  vegetation)  with  a  reflectance  of  0.125,  which  is  again  independent  of  reflection  angle.  The 
corresponding  contrast  transmittance  values  for  the  different  zenith  angles  would  be 


and 


br471o(1219,105°,^)  =  0.170 
br24J8(1219,120°,<£)  =  0.387 
b  r»  2 1 1 219,1 80°,^6)  =  0.698 


Now  assume  that  it  is  after  moonrise  and  the  night  is  similar  to  that  of  Flight  82 ’.I.  From  the  tables  of  that 
flight  the  directional  path  reflectances  for  zenith  angle  of  105°,  altitude  of  1219  m,  and  Filter  2  are 

R471o(1219,105°,0°)  =1.20, 

R471o(1219,105°,90°)  =  0.795  , 

R47  10(  121 9, 105°,  180°)  =  0.819  , 
and  R47lo(1219.105°,270°)  =  0.906  . 

The  resulting  contrast  transmittances  for  an  object  against  a  background  reflectance  of  0.600,  still  inde¬ 
pendent  of  angle  of  reflection,  for  the  four  azimuths  would  be 

br471o(1219,105°,0°)  =  0.333, 

br4  7  io(1219,105°,90°)  =  0  430  , 
br47 10(  1219, 105°,  180°)  =  0.423  , 
and  br47IO(1219,105°,270°)  =  0.398  . 

When  the  aircraft  has  proceeded  to  the  point  when  tl  j  zenith  angle  is  120°,  the  four  directional  path  re¬ 
flectances  would  be 


R*438<1219,120°.0°) 

=  0.344  , 

? 

R2438(1219,120°.90c) 

=  0  276  , 

! 

R*43gt1219,120'.180l) 

•-  0.299  , 

% 

| 

and  R2438(1219,120°,270°) 

=  0.298  . 

\ 

•  * 

Now  the  resulting  contrast  transmittances  of  the  object  against  a  background  reflectance  of  0.600  for  the 

» 

•  \ 

four  azimuths  would  be 

:• 

1 

t>r2438d219.120  ,0°) 

=  0.636  , 

• 

i 

br2438(1219.120c.90°) 

=  0.685  , 

i 

b.-2438(1219.120r,180^ 

=  0.667  , 

•x  ' 

and  br,438(1219,120o.270°) 

=  0.668  . 

s 
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When  the  aiicraft  is  directly  above  the  object,  the  directional  path  reflectance  would  be  0.0904  without  re 
gard  to  the  azimuth.  Then  the  contrast  transmittance  would  be 


br12t9(1219,180°,«,6)  -  0.869  . 

A  similar  treatment  for  an  object  against  the  macadam  road  with  a  reflectance  of  0.125  would  be 


(/■it  , 0(  1 219. 1 05  ,0  ) 

■-  0.0943 

br47|O(1219.105-’9(n 

=  0  136  , 

br47  lo(1219,105°,180°) 

=  0.132 

br47IO(1219,105°,270c) 

=  0.121  , 

br24J8(1219,120  .0') 

-  0  267  ,, 

br2438(1219, 120.90°) 

-  0.312 

br2438(1219.120M80") 

=  0.295  , 

br2438(1219.120o.270°) 

=  0.296  , 

and  brt2)9(1219,180c,o)  *  0.580  . 

The  foregoing  examples  are  based  on  two  reflectances  of  0.600  and  0.125  which  are  assumed  to  have 
no  change  with  the  angle  of  reflection.  The  purpose  of  the  examples  is  to  show  how  the  contrast  trans¬ 
mittance  changes  with  variation  of  the  factors  in  the  contrast  transmittance  equation,  especially  the  back¬ 
ground  reflectance.  In  real  life  the  inherent  background  reflectance  is  seldom,,  if  ever,  a  constant  value 
independent  of  angle  of  reflection  and  the  user  of  these  tables  is  urged  to  read  Appendix  B.  particularly 
the  part  entitled  "III.  Optical  Properties  of  Objects  and  Backgrounds". 


6.3  DATA  TABLES 

Each  set  of  tables  is  printed  on  paper  of  one  color  and  two  colors  are  used  alternately  so  that  the 
tables  from  one  flight  are  readily  distinguishable  from  the  tables  of  the  flight  preceding  and  following. 


FLIGHT  821 

Overcast  moonlight.  This  flight  was  conducted  over  the  TREND  site  shortly  after  midnight  local  time 
and  soon  after  moonrise.  The  TREND  site  was  situated  in  the  northern  foothills  of  the  Dangrek  Mountains. 
The  ground  cover  consisted  of  random  areas  of  small,  deciduous  trees  and  tall  grass.  The  area  was  cut 
through  just  north  of  the  TREND  site  by  a  hard-surface  road  with  bare,  reddish  soil  areas  on  either  side. 
There  were  very  few  ground  lights  in  the  vicinity  of  the  TREND  site,  but  there  was  a  river  dam  with  many 
electric  lights  a  few  miles  beyond  the  southwest  end  of  the  flight  path.  High  scattered  cirrus  clouds 
covered  the  sky,  partially  obscuring  the  moon,  and  low  stratus  clouds  were  located  southwest  of  the  flight 
area.  Moon  phase  angle  was  101°;  moon  zenith  angle  was  82° at  start  of  sky  radiance  data-taking  and  75° 
at  completion. 
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Air i lune  uohn- 

(McTlrsi  muling 

37  8  3.144E-05 

854  3.085F-P5 

915  2.800F-  5 

13C4  ?.643t— 05 

1603  2.449,-05 

1857  2.1041-05 


FLIGHT  NO.  "2  I  FIL1EI  NO.  1 

IRR AU1 ANCEl WATT S/SO .M. MICRO  H.| 
UP- 

HFLL1NG  ALBEDO 

1.542L-C6  .049 

1.9326-06  .063 

1.0431: -06  .066 

2.1336-C6  .06 1 

1.6936-06  ,0?7 

2.290C-06  .109 


SCALAR 

SCALAR 

SCALAR 

scalar 

COWNMELLING 

UPMELLING 

TOTAL 

AietDC 

7. 1336-05 

7.511E-06 

7.884E-C5 

.105 

7.454E-0S 

I.068E-05 

8.5221-05 

.143 

6.4866-05 

9.380E-06 

7.424r-C5 

•  145 

6. 523E-05 

1.133E-C5 

7.6576-05 

•  174 

6.0166—05 

9.886E-06 

7. 0041-05 

•  164 

5. 1 12E-05 

l. 0356-05 

6.1466-05 

•  202 

ALTITUDE  HOWN- 
(MCTERSI  MILLING 
356  A. 1691 -05 
639  2.8676-05 

9o4  2.7036-05 

1278  2.624L-06 

1586  2.459E-05 

1859  2.1412-05 


FLIGHT  NO.  £2  I 


—  *  FILTER  NO.  2 

IRRAniANCFIWATTS/Stt.M. MICRO  M.  ) 

i  *  n _  * 


up- 
MtLLINO 
2.6446-06 
2. 6956-06 
2.995E-06 
3.0296-06 
3.4446-06 
3.272E-06 


ALBEDO 
•  0£3 
.094 
.111 
.115 
.140 
.153 


SCALAR 
CCKNMELLING 
7. 543E-05 
6.829E-G5 
6.360E-05 
5.9776-05 
•>.9156-05 
4.6696-05 


SCALAR 
UPMELLING 
1.0616— C5 
1.383E-C5 
1.304E-C5 
1.414E-05 
1.394E— 05 
1.368E-C5 


SCALAR  SCALAR 

TOTAL  ALBEDO 
8.604E-05  .141 

8.212E-05  .203 

7.6646-05  .205 

7.391E-05  .237 

7.309E-05  .236 

6.2366-C5  .281 


ALTITUDE  OUrtN- 
(HETERS)  MFLLING 
353  3.131E-05 

637  2.8856-05 

965  2.856F-25 

1279  2.7376-05 

1586  2.6176-05 

1869  2.3696-05 


FLIGHT  NO.  £7  I 

IRRAOIA.SCEIWATTS/SC 

UP- 


WEUINC 

ALBEDO 

3.1346-36 

.ICO 

3. J68E-C6 

.117 

3.992l-06 

.140 

3.7766-06 

.138 

3.437L-06 

.131 

4.0356-C6 

.170 

FILTrR  NO.  3 
.H. MICRO  M. ) 

SCALAR. 

CGWNMELLING 
7.525E-05 
C.876E-05 
6.87CE-C5 
6.414E-05 
6. 172E-05 
5.5536-05 


SCALAR 
UPMELLING 
1.533L-C5 
1.918E— 05 
2.0656-05 
2.174E-05 
1.9686-05 
2.243E-C5 


SCALAR  SCALAR 

TCI AL  ALBEDO 

9.058E— 05  .204 

8.794E-C5  .279 

8.935E-C5  .301 

8.589E— 05  .339 

8.1401-05  .3 19 

7.795E-05  .404 


ALTITUDE  DOWN- 
IMETfcRS)  MILLING 
353  1.255E-05 

635  1.261E-05 

965  1.3056-05 

1279  1. 188E-05 

1585  1. 0896-05 

1868  9.9406-06 


FLIGHT  NO.  82  I 


FllTFK  NO.  4 


...  .  *  *  4.  *  '  ITU*  ^ 

IRRAOI  AN'CEIMATTS/SQ.M. MICRO  M.  I 


UP- 
HELLING 
8.4796-06 
6.402E-G6 
6.7586-06 
6.730E-06 
6.458E-06 
6.040E-06 


ALBEDO 

.676 

.508 

.516 

.567 

.593 

.608 


SCALAR 
CCWNKELLINl 
3.357F-C5 
3.4556-05 
3.4456-05 
3.233E-05 
2.845E-C5 
2.697E-05 


SCALAR 

SCALAR 

SCALAR 

UPMELLING 

TOTAL 

ALBEDO 

2.54CE-05 

5. 8986-05 

.757 

2.191E-G5 

5.6466-05 

.634 

2.455E-C5 

5.90CE-05 

.713 

2.233E-C5 

5.4656-05 

.691 

2.449t-05 

5.294E-C5 

.861 

2.213t-05 

4.91CL-C5 

.821 

ALTITUDE. 

OOWN— 

(METERS) 

WELLING 

344 

3.351E-05 

646 

3.0196-05 

965 

3.087E-05 

1278 

2.824E— 05 

1585 

2.8066-05 

1871 

2.552E-05 

FLIGHT  NO.  82  I 


. —  <  FILTER  NO.  5 

IRRADIANCEI WATTS/SQ.M. MICRO  M.J 


UP 
HELLING 
2.590E-06 
3. 1496-06 
3.234E-06 
3.592E-06 
3.577E-06 
3.8116-06 


ALBEDO 

.077 

.104 

.105 

.127 

.127 

.149 


SCALAR 
DOMNMELLIB 
7.853E-05 
6.895E-05 
6.9896-05 
6. 558E-05 
6.240E-05 
6.246E-05 


SCALAR 
UPMELLING 
1. 0766-05 
1.268E-05 
1.416E-05 
1.521E-05 
1.524E-05 
1.476E-05 


SCALAR 
TOTAL 
8.929E-C5 
8.163E— 05 
8.4C5E-05 
8.079E-05 
7.763E-05 
7.721E-C5 


ZENITH 

ANGLE 

93 

95 

100 

105. 

120 

150 

130 


FLIGHT  NO.  82  1 

DIRECTIONAL  REFLECTANCE  OF  BACKGROUND 
FILTERS 


1.03537 

.47917 

.09171 

.05422 

.04585 

.03388 

.02940 


2 

1.16497 

.79348 

.20225 

.11571 

.08268 

.05945 

.04951 


5 

.83400 

.67530 

.14182 

.09780 

.06956 

.05211 

.04608 


3 

2.C6282 

.78943 

.12576 

.10195 

.08668 

.07724 

.07397 


A. 26376 
1.71599 
.97000 
.78459 
.66564 
.59214 
.56671 


SCALAR 

ALBEDO 

.137 

.184 

.203 

.232 

.244 

.236 


6-16 


^»OTil*)9B)SS*«WWVi»SrtK 


DATE  91568 

FLIGHT  NO. 

82  I  GROUND 

LEVEL  ALTITUDE  1  M.)» 

629  1UP»1 

ALTITUDE 

TOTAL 

SCATTERING  COEFFICIENT  ( PER 

METER) 

(METERS) 

FILTERS  l 

2 

3 

4 

5 

0 

1.8826-04 

1.6886-04 

9.926E-05 

8.1856-05 

1. 5886-04 

30 

1.8766-04 

1.6826-04 

9.893E— 05 

8. 158E-05 

1.583E-04 

61 

1.869E-04 

1.6766-04 

9.8606-05 

8.131E-C5 

1.5776-04 

91 

1.8636-04 

1.67)6-04 

9.8276-05 

8.1046-05 

1.5726-04 

122 

1.857E-04 

1.6656-04 

9.7946-05 

8.077E-05 

1.5676-04 

15? 

1.851E-04 

i. 6606-04 

9.7416-05 

8.050E-C5 

1.5626-04 

183 

1.845E-04 

1.6546-04 

9. 7296-C5 

8.0236-05 

1.5576-04 

213 

1.8382-04 

1.6496-04 

9.4976-05 

7.9966-05 

1.5516-04 

266 

1. 8326-04 

1.6436-04 

9.6646-05 

7.9706-05 

1.5466-04 

274 

1.826E-04 

1.6386-04 

9.6326-05 

7.9436-05 

1.5416-04 

305 

1.820E-04 

1.6326-04 

9.6006-05 

7.9176-05 

1.5366-04 

335 

1.8142-04 

1.6276-04 

9.5686-05 

.  7.8906-05 

1.5316-04 

366 

1.801E-04 

1.6216-04 

9.4276-05 

7.6906-05 

1.5356-04 

396 

1.795t-04 

1.6166-04 

9.1786-05 

7.8576-05 

1.5236-0* 

427 

1. 7896-04 

1.6126-04 

8.9736-05 

7.9166-05 

1.5226-04 

457 

1.793E-C4 

1.6016-04 

8.881E-05 

7.7776-05 

1.517E-04 

480 

1.794t-04 

1.6026-0' 

8.8566-05 

7.7726-05 

1.519E-04 

518 

1.7806-04 

1.5956-0' 

8.6116-05 

T. 6876-05 

1.495E-04 

549 

1. 7556-04 

1.5926-Ct 

8.5526-05 

7.693E-05 

1.459E-04 

579 

1.7306— 04 

1.6086-04 

8.5766-05 

f.487E-C5 

1.4546-04 

610 

1.7286-04 

1.5*56-04 

8.5066-05 

•6106-05 

1.469E-04 

640 

1.7246-04 

1. 5696-04 

6.4656-05 

7.5936-05 

1.4606-04 

671 

1.7186-04 

1.543E-04 

8.4416-05 

7.5496-05 

1.456E-04 

701 

1.6696-04 

1.5536-04 

8.4606-05 

7.4916-05 

1.4616-04 

732 

1.6516-04 

1.5516-04 

8.353E-05 

7.439E— 05 

1.4526-04 

762 

1.6506-04 

1.5646-04 

8.4376-05 

7.449E-05 

1.461E-04 

792 

1.6316-04 

1.5546-04 

8.3616-05 

7.266E-05 

1.457E-04 

823 

1.5991-04 

1.5036-04 

8.2706-05 

7. 194E-05 

1.4396-04 

853 

1.5996-04 

1.4426-04 

8.2706-05 

7.227E-05 

1.4366—04 

884 

1.6076-04 

1.3996-04 

8.2106-05 

6.928E-05 

1.437E— 04 

914 

1.5996-04 

1.4066-04 

8.2026-05 

6.018E-O5 

1.4476-04 

945 

1-6116-04 

1.3806-04 

8. 197E-05 

6.5476— C5 

1. 4256-04 

975 

1.6216-04 

1.3596-04 

8.1756-05 

6.4966-05 

1.4106-04 

1006 

1.6166-04 

1.3386-04 

8.1046-05 

6.3786—05 

1.3476-04 

1036 

1.5946-04 

1 .3606-04 

7.9436-05 

6.3896-05 

1.329E-04 

1067 

1.5616-04 

1.3716-04 

7.8396-05 

6.4346-05 

1.3236-04 

1097 

1.5426-04 

1.3526-04 

7.783F-C5 

6.496F-05 

1.3146-04 

1128 

1.5356-04 

1.3006-04 

7.  761  ''-05 

6.4636-05 

1.3136-04 

1158 

1.5226-04 

1.2606-04 

7.6976-05 

6.3176-05 

1. 305E-04 

1189 

1.5106-04 

1.2416-04 

7.6396-05 

6. 173E-C5 

1-2966-04 

1219 

1.5096-04 

1.2176-04 

7.6351-05 

6.1246-05 

1.2926-04 

1250 

1. 6016-04 

1.1506-04 

7.6246-05 

6.0326-C'3 

1.3026-04 

1280 

1.5006-04 

1.1566-04 

7. 566E-05 

5.935E-05 

1.2866-04 

1311 

1.5046-04 

1.1386-04 

7.459F-C5 

5.8816-05 

1.2646-04 

1341 

1.4886-04 

1.1256-04 

7.3716-05 

5.8296-05 

1.2616-04 

137> 

1.4656-04 

1. 1196-04 

7.291F-05 

5.8386-05 

1.2586-04 

1402 

1.4466-04 

1.0936-04 

7.2356-05 

5.827E-05 

1.253F-04 

1433 

1.4496-02 

1.0926-04 

7.1946-05 

5.8156-05 

1 .2596-04 

1463 

1.4556-04 

1.0836-04 

7. 197F-05 

5.8206-05 

1. 2646-04 

1494 

1.4516-04 

1.0626-04 

7. 121S-05 

5.6936-05 

1.2SIF-04 

1524 

1.4386-04 

1.0526-04 

7.1406-05 

5.5986-05 

1.2426-04 

1554 

1.4296-04 

1.0426-04 

7.053F-05 

5.560E-C5 

1.2406-04 

1585 

1.4256-04 

1.0226-04 

7.014E-05 

5.4996-05 

1.2416-04 

1615 

1.4216-04 

1,0226-04 

6.9836-05 

5.4926-05 

1.240E-04 

1646 

1.4026-04 

9.9866-05 

7.0596-05 

5.442E-05 

1.2286-04 

1676 

1.3/86-04 

9.8796-05 

7.0636-05 

5.3766-05 

1.2266-04 

1707 

1. 3576-04 

9.7996-05 

6. 9836-05 

5.2326-05 

1.2016-04 

1777 

1.3606-04 

9.6606-05 

6,9646-05 

5.3296-05 

1.1886-04 

17bd 

1.3406-04 

9.6556-00 

6.8476-05 

5.2256-05 

1.1816-04 

1798 

1.3176-04 

9.6816-05 

6. 693E-C5 

5.196E-05 

1.1756-04 

1829 

1.7876-04 

9.6816-05 

6.6C26-05 

5.1966-05 

1.1706-04 

FIRST  DATA 

ALT.  12 

14 

12 

12 

12 

LAST  DATA 

ALT.  61 

61 

61 

61 

61 
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FLIGHT  NO.  62  I  FILTER  NO.  I 

BEAN  TRANSMITTANCE  FROM  GROUNO  TO  ALTITUDE 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


METERS 

93 

95 

IOC  105 

120 

150 

180 

305 

.33705*7 

.523*828 

.7226273  .80*1593 

.8933085 

.9369376 

.9*51500 

610 

.1159389 

.2806586 

.528*881  .65169*6 

.8013295 

.87996*9 

.8951701 

01* 

.0*221*9 

.1575*29 

.3955182  .5366967 

.72*598* 

.8302850 

.8512335 

1219 

.0158330 

.0910835 

.300*22*  .**62699 

.65859*9 

.7857*07 

.8115386 

152* 

.0061*82 

.05**126 

.2319717  .3751927 

.6020296 

.7*60*03 

.7759057 

FLIGHT  NO.  82  I 

FILTER  NO.  2 

8 5AM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF  SIGHT  (DEGREES) 

METERS 

93 

95 

tOC  iC5 

120 

150 

180 

305 

.3770828 

.5596*00 

.7*72620  .822*505 

.9037693 

.9*32566 

.9506678 

olC 

.1*39827 

.3188860 

.563*686  .6805378 

.8193660 

.8013*63 

.905188* 

91* 

.0569415 

.187576* 

.*317186  .5691768 

.7*69760 

.8**9938 

.86*2777 

1219 

.02*7212 

.1179173 

.3*19917  .*868098 

.688914* 

.806*263 

.8300087 

152* 

.0119*79 

.0798352 

.2611903  .*2689*5 

.6*36353 

.775386* 

.8022688 

FLIGHT 

NO.  82  I 

FILTER  NO.  3 

BEAM  TRANSMITTANCE  FROM  GROUNO  TO  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF  SIGHT  (DEGREES) 

METERS 

93 

96 

IOC  105 

120 

150 

160 

305 

.563*881 

.7107790 

.8*25276  .8913998 

.9*22272 

.9662261 

.9706839 

610 

.3292118 

.519*398 

.7190207  .8020625 

.892102C 

.9362068 

.96*5115 

91* 

.1972976 

.3877316 

.6215552  .7268*26 

.8*77665 

.9090553 

.9207*2* 

1219 

.12022*5 

.29*0761 

.5*10217  .6622272 

.8078792 

.88*1103 

.8988210 

152* 

.07*9*18 

.227*632 

.*7558*1  .6073565 

.7725066 

.8615*97 

.8789236 

FLIGHT 

NO.  82  I 

FILTER  NO. 

* 

BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUOE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF  SIGHT  (DEGREES) 

METERS 

93 

95 

100 

105 

120 

150 

180 

305 

.6231177 

.75*6311 

.868220 

.9095528 

.952111* 

.9720651 

.9757619 

610 

.3908037 

.57*6085 

.7572276 

.829793* 

.9079371 

.9*57656 

.952857* 

91* 

.2495651 

.***5969 

.6657*95 

.7611229 

.868233* 

.9216622 

.931/90* 

1219 

.1667307 

.35523*3 

.59*838* 

.7057301 

.83*9291 

.9010821 

.9137*45 

152* 

_  .11*1753 

.289*800 

.5367611 

.6587238 

.80566*0 

.8827098 

.8975879 

_  _  FLIGHT 

NO.  82  1 

FILIf".  NO. 

5 

BEAM  TRANSMITTANCE  FROM  GROUNO  TO  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF  SIGHT  (DEGREES) 

METERS 

93 

95 

100 

1C5 

12C 

150 

18C 

305 

.399*168 

.5791376 

.760217* 

.8319902 

•92916C5 

.9*65131 

.9635096 

61C 

.16215** 

.3*20573 

.5836595 

.69680*0 

.829*459 

.8976608 

.9107392 

91* 

.0668092 

.2058659 

.*523790 

.5873107 

.7592018 

.6529513 

.8713219 

1219 

•02582*3 

.1287118 

.3573622 

.5C13827 

.6995137 

.8135665 

.836369* 

152* 

.0127858 

.0826522 

.2861273 

.43190BF 

.6*75377 

•  7780''71 

.80*6973 
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FLISHT  MO.  82  1  FILTER  NO.  1 

PATH  RADIANCE  FROM  GROUND  TO  ALTITUOE(M3YTS/STER.SQ.M  MICRO  M. ) 


ALT! TUOE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES! 

METERS 

93 

95 

100 

105 

120 

150 

180 

305 

4.439E-06 

3.076E-06 

1.62SE-06 

1.035E-06 

4.192E-07 

1.681E-07 

1.305E-0? 

610 

6.15SE-06 

4.T96E-06 

2.S40E-06 

1.890E-06 

7.992E-C7 

3.253F-07 

2.527E-07 

914 

6.766E-06 

5.723E-06 

3.718E-06 

2.570E-06 

1. 1318-06 

4.661E-07 

3.622E-07 

1214 

6.703E-06 

6.023E-06 

4.243E-06 

3.C43E-06 

1.398E-06 

5.893E-07 

4.586E-07 

1524 

6.709E-06 

6.230E-06 

4.657E-06 

3.446E-06 

1.647E-06 

7.102E-07 

5.563E-07 

FLIGHT  NO.  82  I  FILTER  NO.  2 

PATH  RADIANCE  FROM  GROUND  TO  ALT I TUOE1MATTS/STER. SQ.M  MICRO  M» I 


ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

95 

ICC 

105 

120 

15G 

180 

305 

4.6988*06 

3.209E-06 

1.681E-06 

1.071E-06 

4.356E-07 

1.745E-07 

1.350E-07 

610 

6.412t*06 

4.940E-06 

2.896E-06 

1.924E-06 

8. 166E-07 

3.323E-07 

2.573E-07 

;14 

6. 8528.-06 

5.759E-06 

3.711E-06 

2.562E-06 

1. 133E-06 

4.681E-07 

3.626E-07 

1219 

6.776E-06 

6.039E-06 

4. 193E-06 

2.993E-06 

1.377E-C6 

5.811F-07 

4.519E-07 

1524 

6.658E-06 

6.  142E-06 

4.502E-06 

3.301E-06 

1.572E-06 

6.782E-07 

S.296E-07 

FLIGHT  NO.  82  I 

FILTER 

NO.  3 

PATH  RADIANCE 

FROM  GROUND  TO 

ALTITUOEIMATTS/STER.SC.F 

MICRO  M.l 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  I0EGREES1 

METERS 

93 

95 

IOC 

1C5 

120 

150 

180 

305 

3.569E-06 

2.288E-06 

1.139E-06 

7.1lBfc-07 

2.867E-07 

1.087E-07 

8.344E-08 

610 

5.4756-06 

3.799E-06 

2.028E-06 

1.299E-06 

5.354E-07 

2.049E-07 

1.572E-07 

914 

6.5638*06 

4.853E-06 

2.752E-06 

1.804E-06 

7.555E-07 

2.928E-07 

2.2418*07 

1219 

7.186E-06 

5.600E-06 

3.350E-06 

2.245E-06 

9.534t-07 

3.780F-C7 

2.895C-07 

1524  . 

7^421 E^06 

6.0538*06 

3.804E-Q6 

2.6028*06 

1.129E-06 

4.571E-07 

3.514E-07 

FLIGHT  NO,  82  I 

FILTER 

NO.  4 

PATH  RAOIANCE 

FROM  GROUND  TO 

ALTITUC8(UATTS/STER.50.M 

MICRO  M.l 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  lOEGREtS) 

MtTERS 

93 

95 

100 

105 

12C 

150 

180 

305 

2.128E-06 

1.365E-06 

7.023E-07 

4.579E-07 

2.053E-07 

9.453E-08 

7.Z44E-Q8 

610 

3.419E-06 

2.352E-06 

1.284E-06 

8.530E-07 

3.878E— 07 

1.785E-07 

1.442E-07 

914 

4.216E-06 

3.0696*06 

1.76IE-06 

1.189E-06 

5.455E-07 

2.491E-07 

2.003E-07 

1219 

4.672E-06 

3.558E-06 

2.I33E-06 

1.4638-06 

6.803E-C7 

3.1108-07 

2.499E-07 

1524 

4.860E-06 

3.857E-06 

2.4086-06 

1.678E-06 

7.938E-07 

3.657E-07 

2.941E-07 

FLIGHT  NO.  82  I 

FILTER 

NO.  5 

PATH  RAOIANCE 

FROM  GROUNO  TO 

ALTITUDE! WATTS/STE1. SC. M 

MICRO  M.) 

ALTtlUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (OEGREES) 

Mr  T8RS 

93 

95 

100 

105 

12C 

150 

180 

»5 

4.6646-06 

3.157E-06 

1.641E-06 

1.0426-06 

4.185E-07 

1.688E-C7 

1.307E-C7 

olO 

6.327E-06 

4.026E-C6 

2.799E-C6 

1,8526-06 

7.8596-07 

3.2086-07 

2.495E-07 

914 

6.8488-06 

5.684,-06 

3,61 jC-06 

2,4826-06 

l. 1106-06 

4. 5716-07 

3.565E-07 

1219 

7.0868-06 

6.203c— 06 

4.2308-06 

3.0006-06 

1.385E-06 

5.837E-07 

4.563E-0? 

1524 

7.0446-06 

6.427E-06 

4.659E-06 

3.405C-06 

1.6246-06 

7.054^-07 

5.5418-07 

1  ■ 


FLIGHT  NO.  82  I  FILTER  NO.  t 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUOE 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (OEGREES) 


NETERS 

93 

95 

100 

105 

120 

150 

180 

305 

1.316E 

00 

5.872E-01 

2.247E-01 

1.287E-01 

4»689E*02 

1.79JE-02 

1.3S0E-02 

610 

5.305E 

00 

1.708E  00 

5.370E-01 

2.897E-01 

9.965E-02 

3.694E-02 

2.S21E-02 

914 

1.6011 

01 

3.630E  00 

9.393E-01 

4.784E-0* 

1.559E-01 

5.609E-02 

4.2S1E-02 

1219 

4.230E 

01 

6.608E  00 

1.41  IE  00 

6.81 3E-01 

2.121E-01 

7.493E-02 

5.659E-02 

1524 

1.090E 

02 

1.144E  01 

2.006E  00 

9.178E-01 

2.734E-01 

9.512E-02 

7.164E-Q2 

FLIGHT  NO.  82  I  FILTER  NO.  2 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUOE 


ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  I  DEGREES! 

METERS 

93 

95 

100 

1GS 

120 

150 

180 

305 

1.235E 

00 

5.685E-01 

2.231E-01 

I.291E-01 

4.T79E-02 

1.834E-02 

1. 4081-02 

610 

4.416E 

00 

1.536E  00 

5.096E-01 

2.B03E-01 

9.881E-02 

3.696F-0? 

2.618E-02 

914 

1.193E 

01 

3.044E  00 

8.523E-01 

4.463E-0I 

1.504E-01 

5.492E-02 

4. 160E-02 

1219 

2.718E 

01 

S.0T8E  00 

1.2I6E  00 

6.096E-01 

1.981E-01 

7.145E-02 

5.398E-C2 

1524 

5.525E 

01 

7.627=  00 

1.587E  00 

T.667E-0I 

2.422E-01 

8.672E-02 

6.546E-C2 

FLIGHT  NO.  82  I  FILTER  NO.  i 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  IDEGREESI 

METERS  93  95  100  105  120  150  180 

305  6.356E-01  3.230S-01  1.356E-01  8.012E-02  3.QS3E-02  I.129E-02  8.626E-D3 

610  1.669E  00  I.338E-01  2.827E-01  1.626E-01  6.023E-02  2.196E-02  1.670E-02 

914  3.338E  00  1.256E  00  4.443E-01  2.491E-01  8.942E-07  3.2S2E-02  2.442E-02 

1219  5.997E  00  1.911E  00  6.214E-01  3.402E-01  1.184E-01  4.291E-02  3.232E-C2 

1524 . 9.936 E  00  2.670E  00  3.025E-01  4.299E-01  1.466E-01  5.324E-02  4.012E-C2 


FLIGHT  NO.  82  I  FILTER  NO.  4 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUOE 


ALTITUDE 

ZENITH  ANGLE 

or  PATH  OF 

SIGHT  IDEGREES) 

METERS 

93 

95 

too 

105 

120 

150 

180 

305 

8.549E-0I 

4.52<,E-0I 

2.025E-0I 

1.260E-01 

5.396E~02 

?.434E~02 

1.961E-02 

610 

2.190E 

00 

1.025E  00 

4.243E-CI 

2.573E-01 

1.069E-01 

4.725E-02 

3.78TE-02 

914 

4.229E 

00 

1.728E  00 

6.6Z2E-01 

3.912E-01 

1.573E-CI 

6.TA5E-02 

5.381E-02 

1219 

7.014E 

00 

2.507E  00 

8.974E-01 

5.189E-01 

2.040E-01 

8.640E-C2 

6.845E— 02 

1524 

1.066E 

01 

3.333E  00 

1.123E  00 

6.377E-01 

2.444E-01 

1.037E-01 

8.203E-02 

FLIGHT  NO.  82  I  FILTER  NO.  5 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUOE 

ALTITUOE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  IDEGREESI  t 


METERS 

93 

95 

100 

105 

120 

150 

16C 

335 

1.095E 

00* 

5.U1E-01 

2.024E-01 

1. 174E-01 

4.315E-02 

1.672E-02 

1.285E-0? 

610 

3.658E 

00 

1.323E  00 

4.496E-01 

2.492E-01 

8.683E-02 

3.350E-02 

2.568E-02 

914 

9.610E 

00 

2.588E  00 

7.489E-01 

3.963E-0X 

1.370E-C1 

5.024E-02 

3.836E-02 

12i9 

2.305E 

01 

4.518E  00 

1.110E  00 

5.61CE-01 

1.856E-C1 

6.726E-02 

5. IlSE-02 

1524 

5.165E 

01 

7.290E  00 

1.527E  00 

7.391E-01 

2.351E-C1 

8.499E-02 

6.455E-02 

6-20 


FLIGHT  8211 

Moonlight.  This  part  of  the  flight  started  at  0228  local  time,,  over  an  area  approximately  65  km  east  of 
Khorat,  and  ended  at  0327.  The  terrain  was  flat.  The  vegetation  consisted  of  forested  areas  of  small  de¬ 
ciduous  trees  with  flooded  rice  paddies  scattered  among  the  trees.  The  cloud  cover  had  changed  suffic¬ 
iently  from  that  of  Flight  821  to  reveal  the  moon.  In  addition,  a  considerable  number  of  lightning  flashes 
were  observed  in  the  northwest  direction .  Moon  phase  angle  was  102°;  moon  zenith  angle  ranged  from  59° 
to  53° during  sky  radiance  data-taking. 
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FLI  ;ht  NO. 
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OF  PATH  OF  SIGHT 

=  50 

OIREGTIClNAt.  REFLECTANCE  OF 

BACKGROUND 

ZENITH 

F.LTt 
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14.15 

1.4  7!  -04 

,.711.5-1.6 

/. 4 1  /*-  >6 

j.43i:—.)5 

1.2011-04 

lots 

1.454'  -  74 

9.3  54:  -II  ■, 

/•2  34  ■— -!’j 

v.439'-;',4 

1.1457-C4 

1646 

1 . 4  l  7  .— 1  -4 

).'’?•  -fl> 

7. 1-97.7- ,5 

,..l?r-i 5 

1.124.  -04 

1476 

i.:n-  -  4 

1.  '■>/.  -O  i 

7.016  -  6 

1.433  -05 

1.112.-04 

17  IT 

1.313  -  .4 

4.394  —  6 

6.074.  — Oj 

;•  7  3 :  ‘J 

1.103.  -64 

173/ 

1.31/1  -74 

V.49F.S--II5 

*  >4  5 

144  -.'4 

l.iei  -*.4 

1763 

1.312’  —  ' 

1.'.  35 

6.9  7,3  —05 

,.  )?■)"- 0*. 

1.092 *-04 

1  n  b 

1 . 3030— .14 

1 .43SL-05 

/.ji:4;-..4 

...  ?l; ):—05 

1 .02.5  —04 

u 

1.2)  3. —.4 

'. •  395.:-., 5 

4.0517-  5 

..  ?n  —1.4 

1.082.  —34 

FIRST  OAT  A 

MI 

.  1  1 

1  2 

12 

17 

1  ‘ 

LAST  0AIA 

ALT 

.  '■  1 

,.l 

40 

63 

/.  i 

FLIGHT  NO.  «2  II  rlLTff!  NO.  1 

TEAM  TRANSMITTANCE  FROM  GROUND  TU  ALTITUDE 


ALT! IUOE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

MtTERS 

93 

95 

100 

105 

120 

150 

180 

3C5 

.2284094 

.4152668 

.6433312 

.7438305 

.8579659 

.9153536 

.9262645 

610 

.0623783 

. 1949400 

.4401436 

.5766051 

.7520065 

.8482747 

.8671831 

_  914 

.0185829  . 

.0977741 

.3113030 

.4570503 

.6667828 

.7913659 

.8165677 

1219 

•  006  1 I 

.0530282 

.2289905 

.3719508 

.5993313 

.7441080 

.7741649 

1524 

•0022360 

.0307818 

.1742850 

.3097008 

.5451203 

.7044721 

.7383226 

-  _  THIGH!  NO,  .  3<LJ.l _ fJAT.tR ..NO,  2  _  . 

BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 
ALTITUDE  ZL-NHH  ANGLE  OF  PATH  OF  SIGHT  IOFGREESI 

METtRS  >3  95  100  105  120 

(05  . 334665 3  .5212710  .7210037  .6030135  .8926494 

hlO  . 1 102467  .2723603  .5205867  .6453393  .7971482 

914  ,0398,’Ofl  .1522530  _  .3887959  .5305594  .7202974 

1219  .0139900  .0917477  .3015201  .4473632  .6594796 

1524  ,0077692  .0626304  .2489399  .3933913  .6169725 


FLIGHT  NO.  82  II  FILTER  NO.  3 

BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 

altitude  zenith  angle  of  path  of  sight  idegreesi 

METERS  93  95  100  105 

305  .4929703  .65o4124  .8095417  .8678315 

610  .2437267  .4402224  .6624536  .7585928 

914  .1314613  .3058876  .5518212  .6710673 

1219  .0725139  .2196631  .4673275  .6002618 

1524  .0427677  .1653653  ,4.;52560  .5455266 


FLIGHT  NO.  e2  II  FILTER  NO.  4 

REAM  TRANSKIT1 ANCE  FROM  GROUND  TO  ALTITUDE 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

METERS  93  95  100  105  120 

305  .5411923  .6939041  .8324279  .8842164  .9382891 

610  .3036113  .4962396  .7027888  '  .7892797  .8847138 

914  .1768357  .3637793  .60197.74__  ,7114016  .8383956 

1219  .1114655  .2618870  .5296487  .652:547  .8019402 

1524  ..  ,0747243  .2278948  .4760368  .60774,4  .7727619 


_  FLIGHT  NO.  02  II  FILTER.  NQ.  5 

BEAM  TRANSMITTANCE  FROM  GROUND  TU  ALTITUDE 
ALTITUDE  .  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


METERS 

93 

J5 

100 

105 

120 

15.; 

180 

305 

.3.151721 

.5029812 

.7082614 

.7934131 

.8871091 

.9331781 

.9418647 

610 

.1074079 

.26b4105 

.5167837 

.6421725 

.7951209 

.8760221 

.8916955 

.1509121 

,3870735. 

.5289813 

.7191876 

.8266997 

.8480493 

1219 

.0158977 

.0915463 

.3011877 

.4470322 

.6591770 

.7861416 

.8116972 

1524  . 

,.0069904 

.0588920 

.2413677 

.3653221 

.6103890 

.7520037 

.7812740 

150  180 

.9638924  .9686532 

.9317225  .9405923 

.9032402  .9156395 

.8803520  .8955112 

.8617140  .8790688 


120  150  180 

.9292484  .9585194  .9639753 

.8667382  .9207455  ,9309878 

.8134437  .8876210  .9019112 

.7678223  .8585295  .8762547 

.7307451  .8343441  .8548363 


150  180 

.9365385  .9448013 

.8773110  .8928316 

.8274360  .8487034 

.7863155  .8120527 

.7566759  .7854780 
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AZIMUTH 

CF  PATH  OF 

SIGHT*  9 

FLIGHT  MO.  o2  II 

FILTER 

nr.  i 

PATH  RADIANCE 

FROM  GROUND  TC 

ALTI TUOeIUATTS/STER.SC.) 

MICRO  M.) 

alti runt 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

95 

109 

105 

120 

IsO 

180 

905 

2.368F-05 

1.630L-05 

G.275E-C6 

5.061t-06 

1.747F-06 

5.754E-07 

4.348E-07 

olO 

2.889E-05 

2.279E-G5 

1.323E-05 

8.47U— Oe 

3.098c-06 

1.049E-06 

8.025E-07 

014 

3.9016-05 

3.103T-C5 

1.890F-05 

1.232E-P5 

4.63U-06 

1.5876-06 

1. 2286-06 

1219 

4.8806-05 

3.958E-05 

2.4868-05 

1.644E-05 

6. 3098-06 

2.1945-06 

I.723E-06 

1524 

4.6156-05 

4.0431-05 

2.744E-05 

l.d71f-05 

7.4791—06 

2.680C-06 

2. 134E-06 

FLIGHT  *0.  G2  II  6IL1  —  NO.  2 

HATH  RADIANCE  FROM  v, ROUND  Tf,  AL  T I  TUUfc  {  WATT  S/STt:i.  SC. MICRO  M.  ) 


ALTI IUOE 

METFRS 

93 

Z.N1IH  ANGLE 
95 

OF  PATH  1  F 

100 

SIGHT  CCEG'EFS) 

105 

120 

15"' 

no 

05 

9.6flOf-06 

6. 409L-O6 

3.391L-06 

2.106E-06 

8.4386-07 

3.5056-07 

2.847—07 

cIO 

_l.522E.-05 

1. 1276-05 

6.4366-06 

4.1921-06 

1.7196-06 

7.060^-07 

5.6962-07 

914 

">.0218-05 

1.5786-05 

9.5426-06 

6.32RE-06 

2.634E-06 

1 .0676-06 

8.5406-07 

1219 

2.4926-05 

1.9981-05 

1.250t-05 

8.395E-06 

3.5376-06 

1.429T-06 

1.1456-06 

1524 

3.0086-09 

2.416E-J5 

1.528E-C5 

1. 0316-05 

4.3526-06 

1.754—06 

1.413-06 

FLIGHT  NO.  92  II  F I L T.- ;!■  MO.  9 

RAtb  .SALiIAdCE  FROM  GROUND  TO  ALTITUDEIWATTS/STtR.bC.P  MICRO  M.  ) 


ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEG5EE.I 

METtKS 

.  9.3  .  . 

95 

100 

105 

120 

15C 

1  HO 

305 

1.059D-05 

6.372t-0<- 

3. 0668-06 

1.8316-06 

6.699L-07 

2.5296-07 

1.997.-07 

ol3 

-Ui94Er05  .. 

1.131t-05 

5.U3.8E-06 

3.564E-06 

1. 3231— 06 

4.947r-07 

3.8933-07 

514 

1.830E-05 

1. 3706-05 

7.6576-06 

4.8146-06 

1.B38E-06 

6. 9126-07 

5.442.  -07 

1219 

1..903E.-.0S. 

1.504E-05 

8.95.4E.-06 

5.7888-06 

2.2896—06 

8.8136-0? 

6.9866-07 

1524 

2. 7908-09 

2.089E-05 

I.208E-05 

7.740E-06 

3. 0236-06 

1.1526-06 

9.190—07 

FLIGHT  MO.  82  II 

FILTER 

NO.  4 

PATH  RAOIASCc 

FROM  GROUND  TO 

i  AL TIJUDE ( WATTS/.STER .SC. N 

MICRO  M. ) 

alti  ru'-s 

ZENIIH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

MC IER  . 

93 

95 

100 

105 

120 

150 

180 

305 

olP 

>14 

1219 

ll><:4 


FLIGHT  "0.  .’2  II  FILTER  NU.  5 

PATH  .lAOIANCE  6  HIM  -ROUND  TP  AL  TI TUDCI WA  TTS/ST8R.SC.M  MICRO  M.  ) 
ALTITUDE  ZENI  I H  Afl<  l  ►.  JF  PATH  OF  SIGHT  (DEGREES) 


Me  TcRS 

93 

95 

100 

105 

12U 

ISO 

1  JO 

305 

1 . 746L-05 

1.1496-05 

*j.7m-06 

3. 4916-Do 

1 . ?o7e— 06 

4.8246-07 

3.944  = 

-07 

jIU 

2.32C6-G5 

1. 74<>l  -  j5 

9.7o8f  -Ct> 

6.1881—06 

2. 34Xe-06 

8.9646-07 

7.  29  3 

-97 

914 

1056-05 

l.«lb<— 65 

1*1  38c  -05 

7.7198-06 

3.1216-06 

1.2336-06 

9.970 

-07 

1219 

2..-27L-G5 

1.946G-05 

X.3xC  >05 

9. 0686-06 

3.8606-06 

1.5696-06 

1.262- 

-36 

1524 

3.0516-05 

2.5UI6-05 

1.649L—  05 

1. 1336-05 

4.F.50L— 06 

1.9706-06 

1.5855 

-06 
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A21MUTH  OF  PATH  DF  '.Ii.HT  =  30 

P L I OHT  NO.  8?  I  I  FILTM  '.0.  1 

PATH  RADIANCE  FROM  oROUND  TO  AL T I TU06 ( MATTS/ST6R. S i. M  MIlRO  M.  ) 


ALTITUDE 

l\ Nil  H  AN«;l6 

OF  PATH  OF 

SIGHT  (DEGREES) 

MFTcRS 

43 

100 

105 

120 

153 

183 

30b 

4. 143E-06 

6#  5)44t:- JA 

3.7296-06 

2.505E-06 

1.1546-06 

5.470F-07 

4.3486-07 

A 1  0 

1.1306-05 

9*27<Jf-06 

5.9886-06 

4.229F-06 

2. 0526-06 

9.966F-07 

8.0256-07 

H4 

1 ,4X06-05 

l 

8. 2 726-06 

6.042E-06 

3.059t-06 

1.514F-06 

1.2286-06 

mi 

l.660fc-04 

l  •45/*t-05 

1.0442-05 

7. 8336-06 

4.121E-06 

2.1006-06 

1.7236-06 

l>24 

1.639E-0S 

1.516C.-0* 

1. 1596-05 

8.963E-06 

4.896E-06 

2.5696-06 

2.1346-06 

ALTITU  E 
n  as 

FL1GHI  .MO.  82  11 
OATH  RADIANCE  FlKlw  uROUND  TO 
2 i Nl r H  ANGLE 
93  95 

FIi.Ti.-R  NC.  2 

ALT1 TUuE (WATTS/STrR.SQ.M 
OF  PATh  uF  SIGHT  IUEGR6F  S) 
100  105 

MICRO  M. ) 

120 

15.0 

180 

305 

6.d71 6-06 

4.6436-06 

2.5496-06 

1.6896-06 

7.5836-07 

3.478F 

-07 

2.847E-07 

on 

9.453E-06 

7.  368C— 06 

4.5366-06 

3.139  -06 

1.4 736-06 

6.996- 

-07 

5.696F-07 

314 

t.iot:-05 

9.241f-0o 

0.1 69E-P6 

4.4)96-0o 

2.1736-06 

1.040r 

-06 

8.5406-07 

1219 

l . 2276-05 

1 . 069E-05 

7. 524E-06 

5. 553o-06 

2.8416-06 

1.394’ 

-06 

1.1452-06 

15  '4 

1 • 3496-06 

1.1921-05 

8.6236-06 

6.4742-06 

3.3976-06 

1.707,: 

-06 

1.4136-06 

FLIGHT  NO.  62  11 

FILT..R 

NO.  3 

PATH  RADIANCE  FROM  GROUND  TU 

ALTITUDElWATTS/STfc-.SL-H 

MICRO  «.) 

ALT I  fUl.F 

("mil  ANGLE 

UF  PATH  OF 

SIGHT  (f'^GMFtS) 

HcT'Rs 

33  95 

100 

105 

t?'! 

15: 

1 8u 

),)5 

S.M6or-0i  3.698F-06 

1.936.  -96 

1.264F-06 

5.606C-07 

2.  S32c,-07 

1.9976-07 

(.10 

8.603E-0O  6. 1036-36 

3.468F-06 

2.3346-06 

1.068F-06 

4.8992-07 

3.8936-07 

114 

9.78;.fc-0C  7.564f-0o 

4. 6066-06 

3.178‘--06 

1. 4861-06 

.3231-07 

5.4426-07 

1219 

1.0511-05  8.5351.-06 

5.5266-06 

3.3985-0 > 

1. 8672—06 

b.701  -07 

6.9866-07 

15. >4 

1.261 6-J5  1 .0336-05 

6.7-lC-('6 

4.819-06 

2.356C-C6 

1.130’-06 

9.1906-07 

flIi.ht  ,,o.  i» 

F I L  T'  ( 

.<).  4 

PATH  .'.Al.IANCL  F''DN  GROUND  TC 

AL  T  t  TOOL ( WATTS/STE !. SO. M 

MICR.  M. 1 

ALTI  ru  It 

2;-NIlH  AS., LI 

or  PATH  :  r 

SIGHT  (0FGFFFS1 

M.:T6RS 

7  j  0, 

uv 

194 

12'’ 

1 53 

180 

395 

MO 

114 

!  ■>;  i 

1 .  I 


»  l  I  nr  ■  n.  .?  i :  i  Hi'  no.  3 

:■  AT:*  A. UNO  F«l,M  LCUNO  TO  AL T I TUJF ( 4A TTS/ ST59. SO. M  ."ICRC  tf.  1 
AL  I  I  1 U  ’£  7,N||H  A«AI.F  (IF  PAIH  OF  SIGHT  I9CGRFES) 


•  I  ** 

R  3 

95 

IOC 

195 

123 

150 

l50 

V  is 

I  S'*  •_  “06 

5.6992-06 

3.i*3c-06 

2.1071-06 

9.758F-C7 

4.758r-07 

3,944^-07 

MO 

UimiL'H'i 

8.  29?c-ijt 

172^-06 

3.6186-06 

1.760E-06 

8.775F-0 f 

7.2986-07 

HA 

i  • ')  >*)h-03 

0.3141-  )(• 

*>•  AC4H-00 

4.6o46— 06 

2.3716-06 

1.1981-C6 

9.9706-07 

i?l  * 

l.l  Wi--)i 

1.0  331 — 95 

7  •  A  9  o  L  ~ 

5.0231-06 

Pm 967c-C6 

1. 5202-06 

1.262L-06 

l  >  ^ 

1.1891-35 

6.715F-06 

3.647F-C4 

1.904C-C6 

1 . 5856-06 

6-27 


I 


A2 [MOTH  OF  PATF  .6  bl .HI  =  1  j 

FL  IGHT  lO.  >2  t  I  FI  IT'  '<  NO.  1 

PATH  RAUIANCt:  F50M  '.ROU'lC  Ti  AL  T1  TUOE I WATTS/ST6P. SC. M  MICH  .’•..) 
ALTITUDE  ZENITH  AV.LL  OF  PATH  OF  SIGHT  (DEGREES) 


MCTFRS 

93 

,  V 

100 

10b 

12 

130 

1>)0 

305 

9.2796-06 

6.696F-06 

3.902E-C6 

2 .6786-06 

1.299*  -06 

. .822. -07 

4.3486-07 

610 

L.165E-05 

9.6206-06 

6. J45E-06 

4.57bE-06 

2.3'  01-06 

1 .078f-06 

8.025F-07 

9i4 

1.407E-05 

1.222T— 05 

8.6R8E-06 

>>•  ->1 5E-0o 

5.5th  -t-6 

1.6701-06 

1.228F-06 

I’ll 

t.o75F-G> 

1.490E-- 

1. 1156 -6  5 

■  ...  ilf-f  b 

*■  .con  -v! 

2.385.  -06 

1.7231-06 

1524 

1  /  IC.E-T 

1.5971:-  • 

1.2711— P5 

’ .ntdE-Ob 

6.  lw29r-^6 

.977' -06 

2. 1346-06 

FLIGHT  NO.  82  II 

F  ILTi  P. 

NO.  2 

PATH  KAOIANGF 

FROM  GRODNO 

Til  ALTITUL'ElWATTS/STbl.SO.M 

Mlf.sn  P. ) 

ALTIIU'.E 

’ 6 M I T H  A'""' 

«:  OF  PATH  f'F 

SIGHT  (nEOPT-Sl 

i 

HLTE  IS 

93 

95 

Cf 

105 

12' 

1  5;' 

’  30 

305 

.2bF-< 

4.6176"  vu 

2.544L-U6 

.  ,o95F-0:. 

7«bu3l  • 

3.626* -07 

2.847L-07 

"12 

/.421fc-0o 

7.  359*.— Jo 

4.5615-06 

A.  ISJi  -Oo 

1.5631-jb 

7.2 79. -07 

5.696.  -07 

114 

l. O83E-05 

9. 1536-06 

6 . 17  7T-U6 

4.4786-06 

2.2  >7i>06 

1.097* -06 

8.5406-07 

1719 

1.2256-05 

1. 0716-05 

7.6485-06 

5.7286-06 

3.078c-06 

1.486.-06 

1 »  145*  -06 

l  >24 

1.3916-05 

l. 27m -05 

9. 020b-n6 

6.886.-06 

3. 844r— 06 

1.862-06 

1.4136-06 

FLIGHT  10.  '.2  11 

F1LU9 

NO.  3 

PATH  KAGIANCt  FROM  oPCU.NO  TO 

ALTITUOEIHATTS/STER.SC.M 

MICRO.  M.) 

ALT!  IL  .e 

ZFN1IH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

MFTc.li 

9J  95 

100 

135 

!?b 

153 

180 

305 

5.598F-0o  3.547F-06 

1.3866-06 

1.250E-36 

5. 357.-07 

2.629T -07 

1.997. -07 

610 

__  ..8.2856-06  5.906— 'i 

3.4166-36 

2.337E-06 

1.1371-06 

5.154.-07 

3*8936-07 

914 

9.417E-06  7.327G-06 

4.538E-C6 

3. 184.5-06 

1. 5876-06 

7.23F --C7 

5.4426-07 

1219 

l.i*7 IE -9b  8.3  75*  -Oo 

5.4746-06 

3 .9296-06 

2.01 lf-06 

9.276t-07 

6.9866-07 

15  74 

1.23*— ia  1.022E-  5 

6.dplL-76 

5.01BE-06 

2.633*  -06 

l . 242F-06 

9. 190T-C7 

FL  1  .HT  NO.  .2  11 

FlLf'R 

NO.  4 

PATH  ..A-IANCt  FROM  .8011  .0  lO 

ALTITUDEIWATTS/STl  .su.m 

MICRO  M.) 

ALTITUDE 

7.*NI  TH  ANt.LF 

OF  PATH  f'F 

SIGHT  1  DEGREES) 

MLTlRS 

)  A  9b 

100 

1C5 

12C 

15  1 

IPO 

A I  3 

i-  v> 

lv24 


FLIGHT  NO.  N?  It  FILTTR  NO.  5 

PATH  -AJlANCc  F'\9M  (.ROUND  TO  AL  T I  TUFF  I WA  TTS/STL.:.  it .  M  MICRO  M.  ) 


ALTITU.-t 

MtTFrt.S 

J’.i 

.10 


9  5 

.5.277  =■ 
I  .  In  It¬ 


'D  , 

Ob 


7  *  N 1 1  H  ANGLF  IF  PATH  OF 

Tb  <•*.. 

5.662F-06  3.20JI— 

8.3640-Ot.  5.3  3oL-06 


.IGHT  (DEO^t.) 

1.5  120 

2.I99F--6  1. 113E-06 

3.  Ft  5  ..-06  2.024*:-06 


;!■« 
1219 
•jl  574 


1.  V  .-OS 
1 . I6*)e— 05 
1.3  701' -05 


9. 3336-06 
1.043F-O5 
1.224t*Jb 


6. a<J?L-' 6 
7.7076-05 
9.2b  36-96 


4.893E-06 
5.R87C-06 
7.>ll.  -56 


2.6736-06 

3.32ZE-06 

4.215..-06 


lbb 

..3481  -07 
9.8481-07 
1.322c-06 
1.660F-06 
2. 103* -06 


1*7’ 

3.944.-07 
7.2981-07 
9.9706-07 
1. 2671 -06 
1,5856-06 
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PHW!  pwgw—ii— 


/./ 1  MUTH 

OF  PATH  OF 

SIGHT  =  270 

FLIGHT  NO.  82  II 

F I L  TER 

NO.  1 

HATH  RADIANCE 

FROM  GROUND  TO 

AL  TI TUDE ( WA  TTS/STFR. 52.  M  MICRO  M.  ) 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

MLU.AS 

93 

95 

100 

105  120 

150 

180 

3  35 

9.201E-06 

6.563E-06 

3.710E-96 

2.471E-OA  1.11U-06 

5.248F.-07 

4.348E-07 

610 

l.  1686-05 

9.514E-06 

6.076E-06 

4.249E-36  2.0161-06 

9.6981  -07 

8.025F-07 

914 

1.382E-05 

1.189E-05 

G. 197E-06 

5.956E-06  2.9/1E-06 

1.4781-06 

1. 2286-06 

1219 

l.'iSlt— 05 

1.399F-05 

1.015E-05 

7.604C-06  3.9750-06 

2.059E-06 

1 • 7231 -06 

1524 

1.M93E-05 

1.475E-05 

1.I34E-05 

8 . 749F-06  4. 7622-06 

2.  538' -06 

2. 1341  -06 

FLIGHT  NO.  H?  II 

FILTER 

MO.  2 

PATH  RADIANCE 

FROM  ..ROUND  TO 

ALTITUDE (WATTS /STEP. Sc. 

t'  MIcRO  M.) 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (OcGRI  r 

j ) 

MET!  KS 

<3 

95 

100 

105 

120 

150 

180 

305 

7. 189E-06 

4.8300-06 

2.615F-06 

1.712E-06 

7.56U-07 

3.477L-07 

2.847E-07 

610 

1 .  ?5:>L-u6 

9. 374C-06 

9. 524E-06 

3*714c-06 

1.6361  -06 

7.152: -07 

5.6°t/  -07 

914 

1. 4186-03 

l. lb  IE-95 

/. 065t“06 

5. 3500-06 

2 ,4441 -06 

1.074. -C6 

8.640t-07 

1219 

1.3/OL-05 

1.230^-05 

8.6 .8E-06 

6.3231  — C6 

3.062= -06 

1.418  -C  6 

1.1451-06 

15. -4 

1 .442E-05 

1.3121-  >5 

9.648E-06 

7.182E-06 

3.CL5  -06 

1 . 737..-06 

1.413F-C6 

ALTirUDF 

MtTiRj 

FLIGHT  NO.  82  II 
PATH  RADIANCE  FROM  1, ROUND  TO 
Zi-NIIH  ANGLE 

9  3  95. 

ElLU-R  f.O.  i 

AL  riTUDElWATTS/STER.Sc'.K 
OF  PATH  JF  SIGHT  (DEGREES) 
100  105 

MICRO  P.) 

12 

15c 

180 

505 

5.671 t-06 

3.5 j5F-0b 

1 . 3380-06 

1.1872-06 

6.1P2'  -07 

2.404-07 

1.997E-07 

6X0 

8. 763E-06 

6.1432-36 

3.437E-06 

2.283E-06 

1.022..-06 

4.735  -97 

3. 8932-07 

914 

1.00JE-P5 

/. 725C-06 

4.6366-06 

3.160E-06 

1.4481  -06 

6.689C-07 

5.442E-07 

1219 

1.0922-05 

3. d4  r-36 

5. SC5E-06 

3. 9085-06 

1.837  E-c6 

F. 5902-07 

6.986E-07 

1  j24 

1 . 26 7i.-05 

1.041'  -94 

6. 776L-06 

4.603E— 9’6 

2.324  -06 

1.122,-06 

9.1901  -C7 

ELI' 

5HT  MO.  82  11 

FILTER 

MO#  4 

PATH  RADIANCE 

FROM  i-AOUND  T'J 

ALTITUDE! WATTS/S  TER. SQ.M 

MICRO  M.) 

ALTITU.fc 

ZENITH  ANGLE. 

UF  PATH  OF 

SIGHT  (DEGREES) 

M-.T69J 

93 

95 

100 

105 

120 

15  . 

180 

3  J5 

610 

>14 

1219 
14  74 

ELI 

,1‘T  Ml.  92  T! 

FILT  C 

MO.  5 

PATH  AuIANCc 

FROM  i.-CUND  TO 

AL T ITUDEI WATTS/S  TER. SC. M 

"I  CMC  '•.) 

ALTITUDE 

Zr.NITH  ANGIE 

OF  PATH  OF 

SIGHT  (DEGREES) 

MET!  PS 

9  3 

95 

I  Of 

105 

1? 

14 

1  '0 

V-5 

•  j31  -Of. 

5.797F-06 

3.  nor-06 

2.109E-06 

9.690..-07 

4.764r-07 

3.9446-07 

..10 

! .  (OP >5 

3.O36E-06 

?'9L-06 

3.696E-06 

1.775t-06 

8.8356-07 

7.29P'-0/ 

U4 

1.146 '3 

9.8oOC—j6 

6*  6.}9l-06 

4.820E-06 

2.4052-06 

1.2101 -06 

9.970  -07 

1219 

1.209’:— •■>:• 

l.O.sOE-CO 

7.7<4£-0  o 

5.7p76-06 

2.975.-06 

1.52  5* -<;6 

1.2626-06 

1524 

1  .  3541  - 

1 .2142-95 

U ^ThT-06 

6 ,7902—96 

3,618  -Cfe 

1 .9008-06 

l.'-avr-Ou 

a  / i mu n i  hi  ;’ATh  i’!-  :i  ;tn  - 

ft.  lull  I  NO.  i’  II  Mil  1 

1.|.<HI10UAL  I’Afi!  AtHLlCfAMLl.  I  iUlv  oRill.NO  Id  ALTIIUDk 


ALT  I  ru  if. 
NcT:  RS 

“3 

7:  NllH  AN. .1.1 

t  J 

Of  PATH  i.f 
1". 

V  I OH  1  IHFG'in  ' 

r>6 

) 

120 

lb" 

l  '0 

105 

•*..  *A  M 

Ou 

l  .  o46,_  0  1 

b.  19  il  -ft 

’.Eb’F-'il 

8.536F-07 

’.636F-02 

1.-.68  -0 

t>  III 

l  •  *>A  ** 

a 

•,.90  lr  0<' 

!.?».;  'll, 

6.  r>Ai  — >i 

1.  /27c-Ot 

S, 1871  -02 

j. 8806-0 

;i4 

i  •  .*>1  - 

l.  J51‘  01 

O' 

1  .  1 T  j  Oi 

.912.;-:,l 

b. 4066-02 

6.30b - 

121  > 

•  * 

1.1Z".  •  1 

4.5,2.  >J 

l .  i  ••  r ; 

A.  A  111-0! 

1.256; -Cl 

9.531  -0 

1  •>  "< 

3. '.*<•« 

3/ 

b.b  7  r 

,.60"  0  1 

2.3)7.  00 

b.7>7,.-0l 

1 ,5956-i'l 

1.212.  -o 

Hlol.f  NO.  »  Il 

Fill'-!  10 

.  ? 

'>IP*-CTI.,NAI  "Ull  VH.I-CT4  iCl- 

f  Nil,1  i.G'vlNf' 

lu  ALTITOH 

AITI  lOilf 

,'l.MI  H  A  1 1,1.1 

OF  P  *  I H  t»F  SI 

■'.Hr  I‘I63<1'  -.1 

PFTliCb 

,T 

1 

l"' 

12  i 

lb  - 

1  ) 

(.>3 

l.>.54_ 

,1  .  7.0/01— "l 

Jl,  -.-l-l 

l.68|r-0l 

6.0b7F-0? 

2.3981-02 

1.931’  -0 

,lu 

"  .  tA  b 1 

l  ■  ?.fc'2-  0  1 

/.9/3!  -ol 

4.1637-01 

1.361 .-Cl 

5. 1576-02 

4.088*  -0" 

U4 

1  •  >  b  2  s 

)'  /..t.H.', 

1.57):-  00 

7. 1-421  -01 

2. 34';*  -01 

3.26bF-02 

6.448C-G 

121  1 

9.  18  il 

!  1 .  1  /'».  1 

7.654.  C' 

1.2031  0? 

3.457L— 01 

1 • 1631-01 

9.0351 -0? 

lb  ’4 

2.40li 

•  •  7.47?  01 

1.037-  j 

I.u7!>;‘  00 

4.520F-31 

1.486F-01 

1. 133  -o: 

•<I 

ALT! TOOL 
H:TFKS 

H  1  HI  U.  ’7  1! 
.sLCIIC.NAl  'Alt'  OEFLIC; *  .Ct 
Z'.NIli:  A*.  ilK 

!  1 

flLH'i  it).  ) 

F  UiF  G3.16.NU  T'J  AIT1TUS.E 

CF  PATH  UF  SIGHT  lOFGP.JfcS) 

1 1  1  , 

12 

lb'. 

1  .9 

105 

1  .  loll  1 J 

..745--31 

2.C47F-01 

1.14'C-11 

3.8957-02 

1.426F-07 

1.119  -i"' 

bt  ! 

’•  •  6  7'J  .  Ol 

1  •  38  »'  0  * 

4.7516-01 

2. b 382-01 

8.245c-0? 

2.903F-92 

2.239-.  -OF 

114 

/..,J7 i*  0  '• 

2.4. 'I'i  00 

7.497E-01 

3.8761-01 

1.721  -01 

4.207E-02 

3.76(i:-0- 

121  1 

1.41b-  Ol 

1.699'  O'. 

1.C35*  ~J 

5.21001 

i. 6116-01 

5.546.-02 

4.307.-07 

Ij/4 

J.j?-''  01 

6.825b  0) 

1 . 6ln:  C  1 

Y.eaf  >01 

7. ?35f -01 

7.4571-02 

3.608.  -C' 

HI'  HI  I),  „.2  II  fill  -v  JO.  A 

Ilf'  CTI  MiAL  ->Uil  VrLECT  A  iCL  f  ROM  GROONU  T*‘  AUITUM? 

Ainu  c  ZENITH  ANCLE  OH  PATH  CF  SIOHr  I  OEG.  bF  SI 

«.-Tl.Rj  ,3  93  10.,  IT  !?  I--'  i-'O 

t  >3 
.1C 
m 
12!  1 
I  i/4 


FI  I'.HT  .0.  ciS  II  fil  l  '  NO.  3 

0!K.:f  tl  INAt  i'fTri  AlflfCT A nCi‘  f/Wtfi  uKiUiNU  TO  ALTITUDE 
AiniU'.C  MIHH  ANGIE  OF  PATH  OF  SIGHT  IDSoAfcFS) 


HF.T.-RN 

13 

OS 

\Oxj 

1.3 

12-, 

150 

121 

3  :5 

1.  124  r' 

1  • 

7.935F-CI 

1.5286-01 

4.96Cl-02 

1.7956-02 

1.454,  -0  v 

o»t> 

7 . 3  ?  1 . 

)J 

2.26 Jr 

On 

</•  '>SA„  -\>j 

3.  146.  -'ll 

1.9231-!  1 

3.5536-02 

2.8421  -C 

-H4 

t.t/-7‘ 

Ol 

4. IbOc 

O.J 

l«02Wt  c«> 

5.Cc7f-01 

1. 4<J/.— 01 

S.178F-02 

4.085  -0 

1719 

4.06'- : 

01 

7.36?|- 

0  ) 

1  •  >17.  00 

7.04b:-,il 

?•  0  33*  —cl 

6.9326-02 

b.7,00-  —0 

l  3,  4 

1.51  .. 

.  2 

1.  >73.. 

Oi 

?.J7V  O') 

1.021-  00 

2.7608-01 

9.1006-07 

7,044*-  -i)  7 
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A/.IMUTM  OF  PATH  OF  SIGHT  =  GO 

FLIGHT  NO.  82  II  F  IL  Ti-R  NO.  1 

DIRECTIONAL  PATH  REFLECT ANCF  FROM  GROUND  TO  ALTITUDE 
ALTITUJt  2LNI1H  ANGLE  UF  PATH  OF  SIGHT  (DEGRESS) 


HfcTCRS 

93 

98 

100 

105 

120 

150 

180 

305 

1  .6781: 

00 

6.607L- 

-01 

2.439E-C1 

1.412E-01 

5.641C-02 

2.505F-0? 

1.966E-02 

6 10 

7  •  S9.lt 

00 

1.996E 

00 

5.704E-01 

3.075E-01 

1.144E-01 

4.9266-02 

3.8806-0? 

U4 

3.1951 

01 

5.  lo7E 

00 

l.mr  p) 

5.44 JE-01 

1.923E-01 

8.023E-02 

5. 3051  ~C? 

1219 

1.1291- 

0. 

1.149! 

01 

1.911!  05 

8. 8296-:  1 

2.8836-01 

1.1B3E-01 

9. 3311—  02 

3.i'70t: 

O*1 

R.0o5:: 

01 

2,73  V  Or 

1.2 13E  00 

3.766E-01 

1.529E-CI 

1..  12!  -01 

FLIGHT  NO.  82  II  FILT  ’<  NO.  2 

OMLi.Tir.NAL  PATH  REFLECTA JCL  FP.OH  OR  1UND  TO  ALTITUDE 


ALTI  rUl.'E 
MlT.-RS 

93 

7ENITH  ANGLE 
96 

OF  PATH  OF 
ion 

SIGHT  (DEGREES) 
105 

12C 

160 

l.,0 

l.>5 

i.  nor 

00 

5.707F— 01 

2.266E-01 

1.34CE-01 

5.443E-02 

2.380E-02 

1.931E-02 

i  10 

5.494; 

00 

1.734c  03 

5.S83E-01 

3. 1.176-01 

1.184E-01 

5.044E-02 

4.0881— 02 

514 

1.772t 

01 

3.890!:  00 

1.015b  00 

5.3372-01 

1.933E-01 

8.051F-02 

6.448l-02 

1219 

4.318L 

0  i 

7.47Qt  00 

1.5996  00 

7.954E-01 

2.7ol6-0l 

1.136E-01 

9.035E-0? 

l5->4 

1.113c 

J  / 

1.2191  01 

2.220 f  00 

1.05SE  00 

3.528E-01 

1.446E-01 

1.1531-01 

fl  1 

,'HT  NO.  ‘2  11 

FIL1ER 

90.  3 

UlRcUIIUNAL  PATh  ReFLCC I A’lCE 

FROM  GROUND  TO  ALTITUDE 

ALTI lUGE 

2EN11H  ANGLE 

OF  PATH  GF 

SIGHT  (DEGREES) 

meters 

95 

100 

105 

120 

I5n 

mo 

i.15 

3.944F-01 

1 . 292E-01 

7.871E-02 

3.260E-G2 

1.427E-02 

1.1196-02 

610 

Xaujfiw  30 

7.490t-Gl 

2«d29c-01 

1.662F-0L 

6.659E-02 

2. 8756-02 

2.259E-02 

914 

4-0l9u  00 

1.336c  00 

4.509E-01 

2.5596-01 

9.R67E-02 

4.1536-02 

3.260E-02 

1213 

OJ 

2.114c  uG 

6. 3886-01 

3.509E-01 

1.313E-01 

5.476E-G2 

4.307E-02 

1 524 

1.593-  01 

3.3756  Of 

8.9966-01 

4.77.C-01 

1.743E-01 

7.316F-02 

5.8086-02 

'LIGHT  NO.  82  11 

FILTER 

NO.  4 

-IliSCriijNAL  PATH  REFLECT A.sCE 

FROM  GROUND  TO  ALTITUDE 

al  UU.C 

/.  :NITh  ANCLt 

UF  PATH  OF 

SIGHT  1  DEGREES 

) 

,  t-  S 

95 

100 

105 

1,2  C 

ISO 

181 

)  IS 
At" 
1>4 
1219 
1 


FLIGHT  NO.  82  II  FILTER  NO.  5 

DIRECTIONAL  PATH  REFLSCTAHCF  FROM  GROUND  TO  ALTITUDE 


ALTITUDE. 

2ENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

Ml-T'-RS 

93 

95 

100 

105 

120 

140 

180 

I.)5 

9.5’loE-Ol 

3.935E— 0 1 

1 . 5466-01 

9.2216-02 

3.8206-0? 

1.771E-02 

1.454E-02 

tilO 

3.388C  00 

1.073P  Of 

3.4766-01 

1.9576-01 

7.686E-02 

3. 4796-02 

2.842F-0? 

914 

9.4826  00 

2.143’c  00 

5.746E-03 

1.062E-01 

1.145r-01 

5.0326—02 

4.083E-0? 

1219 

2.522F  Ot 

3.9186  Of 

8 .6436-01 

4.3666-01 

1.563!  01 

6.714E-02 

5.400E-02 

1524 

6.638E  01 

7.014E  00 

1.7666  00 

6.05  2t-01 

2.075  -01 

8.793E-02 

7.044E-02 

A 1 1  NNTH  OF  PATH  OF  51  >HT  -  l  .0 

FLU  HI  /.U.  82  II  I  I  LI  I  2  NO.  1 

UIREC1 1UNAL  PATH  StFLFCT  A.NCfc  «!T0-1  uK:itj\n  TO  ALT  I  FUIIF 


AlTirUOE 

2i.NI  TH 

ANOt’i 

Of  PATH  (IF 

SIGHT  (IILGREI-S) 

HtTf US 

93 

ON 

IOC 

ICS 

1?  i 

ISC' 

1  0 

J  05 

1.703L- 

00 

6.76  ( 

-ol 

2.0*31-01 

1.3096-01 

A. 3466-0? 

2.666F-C2 

1.9661  -02 

MO 

7.3336 

00 

?.0c>9t 

00 

6.044F-01 

3 • 376F-01 

1.3106-Cl 

n. 3286-02 

s.880i  -0  - 

U4 

3.17sl 

01 

5.230' 

Oi 

1.170L  00 

r  ,9/fc.  -01 

2. 2331-01 

6.849F-02 

6. 303»  -0/ 

1210 

I.  140'. 

0? 

1.1/3’ 

01 

z.0'i?f  00 

9.751..— >H 

3.4986-01 

1.. 3446-C1 

9.331.  -06 

1  j.  4 

3.203'- 

o.; 

2.1/3' 

3.00IH  00 

1.3761  0(. 

4.745L-C1 

1.771F-01 

1.212F-CI 

FLl  HI 

.0.  211 

F  1  L  I  •  • 

0.  2 

01  RFC  1 1'iNAL  HU.1 

>  .<n-L?CI.' I... 

.  .i. tiiii 

III  ALTIUiH?. 

ALII  ro  )E 

.min  an  .l *• 

..F  PATH  OF 

Ii’.hf  luFO'.r.r.: 

.1 

Ml  T.  RS 

9  3 

93 

1.70 

100 

12.! 

15  ■ 

1  C 

1  15 

1.  Of.- 

GO 

5.676c-01 

2.2‘.lc— 01 

1.3SJL-01 

5.6451-0? 

2o48lt-02 

1,9311  -0 

610 

.  ‘  37bf 

00 

1.73  U  0 

3.6i4E— 01 

3. 160F-01 

1.249F-01 

5.31/C-02 

4.0881  -0" 

114 

1.7436- 

01 

3.8‘*2.f  0« 

1 . 01  SC  00 

3.4/86-01 

2 .0436—0 1 

3.492f-P? 

6.448,  -0- 

1219 

4.908c 

01 

7.4.3  IF  00 

l.s25r  00 

U.193-- HI 

/.?<IC-CI 

l.21ir-ci 

9.035*-  -0. 

1  S/4 

1.147. 

')> 

1.250  ’  .1 

2.3  ?■■  0" 

1.1226  00 

3.9936-01 

1. 5771-01 

1. 153,-01 

FLIGHT  NO.  SJ  II 

FILIt-1 

■M3.  3 

i 

111  CriJNAl 

PATH  REFLECT  A  1C ti 

FROM  GHOcINO  Tl)  ALTIIUOE 

ALII  ID'it 

26MTH  ANGLE 

OF  PAIh  OF 

SIGHT  UiEGREC^) 

F.lTUIS 

> ;' 

03 

100 

l  ,3 

12' 

13. 

1.  0 

'.05 

ii.  1  3sr-i' 1 

2.91  >---•! 

1  * 35 92- (  ’ 

7.7  796.-02 

3.406.— 02 

1.482E-02 

1.  ll9r-o.' 

>10 

1 .  li  0  c.  *.*  I  ’ 

7.244P-  1 1 

To,’.  L-ol 

1.6ti46-0l 

7.0S6.— 0.: 

3.024E-02 

?.259r-0. 

'•14 

‘>.3701:  0>J 

1.293 

4. 4441— ,'l 

l . 364  -01 

1.C54C-01 

4.4045-02 

3*i 60S-0' 

1219 

7.<i'<,c  00 

A.OotV  '.’0 

o.  1296-41 

7. 5J6i.— 01 

1.415E-0I 

5.838=-C2 

4.3076-0/ 

l  S  >4 

1.5646 

3.334.  »’-> 

9.  1336-’.  1 

4.9o9E-ul 

1.9C3E-.1 

8.042!— 0? 

5.808L-0? 

ALTHUiF 

M..TLRS 

J.!5 


FLl  »riT  IU.  II  Fill  <  ,U.  A 

JHiCri'iMl  PATH  IEFLECT AnCF  FROH  GXOgnO  TC  AI.HTUDt- 

ifHIIH  ANGLE  OF  PATH  t.’F  TIGHT  (JEWEL'S! 
-M  95  100  l  OH 


i.lO 

414 

1210 

lj?4 


I2o 


l>o 


180 


flf.H)  I).  •  II  rill  /  Mi.  3 

lill’.FOIlMfiAl  .MU'  ‘IH-LlCH  C>-  F.ir.;  GtlOLNU  V,  ALIITUOF 
ALTIIU'E  Zi.lIH  A.JU.t  .11  PAfH  L>  SIGHT  I'lEuRFfSI 


MtTsiTS 

•'3 

1C: 

10s 

126 

150 

ISO 

K>5 

9.0656-01 

3.9096-01 

1.  j/3-6-01 

9.623E-0? 

4.3586-03 

1.990E— 02 

1.4545-0? 

i>10 

3.3953  O'! 

l.os?;.  o) 

>. 5363-  il 

2.063E-01 

8.839C-0, 

3.9041-92 

2.8421-0/ 

714 

9.4891  00 

2.1596  0>' 

'••VOS-.-Ol 

3.2 ' ’6-01 

1.291E-C1 

5.555E-02 

4.083!  -0/ 

1210 

2. s34E  Cl 

3.955!  96 

O.S5/6-f'l 

4.374r-01 

l. 7508-01 

7.331F-02 

5.400C— 0.‘ 

1324 

6.8071  ul 

7.21  I.-  O'. 

1.3J1-  fjj 

6.4991  -91 

2.398!— 01 

9.711E-02 

7.C44F-02 

6-32 


r 

\ 

l 


A/IMUTH  .1  8i>IH  "f  3T(,HT  *  70 

FLl'iHT  10.  12  It  FJLT-'-:  10.  1 

ItM'UloNU.  >’410  RlFL/CIAlCL  FRiJH  OR'-lillO  TO  ALT?  T0I1E 


ALT  I  TUI'E 

/.VUH  AftGU 

OF  PATH  OF 

SIGHT  MEG'EF.,1 

8ETE9S 

v\ 

no 

105 

129 

1V> 

1-  0 

1  >5 

1  ."SI. 

0  / 

<»•  <»  '0  “t*  I 

2.413E-01 

1.392C-91 

5.440c— 0 2 

2.404T-02 

1.968.-02 

>10 

7. 

y» 

»«OAoi  ili, 

3.7  p/l-a; 

3.0il9’;-01 

1.124F-01 

4..  .  V~(  ? 

3.H8C:  -02 

^14 

o.ur 

Oi 

^•09  #{  0  » 

l.U.4c  o-. 

5.47.4*— 0) 

1.8601-01 

7.021-  - 

6. 305f -07 

- 

1211 

1 .  i.  7 J  — 

o> 

C>* 

1.0  30  r.  00 

8.671E-01 

2.7816-01 

1.160-1 

9.33ir-o: 

1 4  ->4 

2.963*- 

u. 

.0‘^ 

2.7?7i  00 

1 . 1  OC 

3.662C-01 

1.510  -(U 

i.212< -0) 

FL  t  ..HI  MU  2  11 

flit.! 

•>0.  2 

l 

>1  ICC  I  TONAL  , 

r5  A  f  t  •  /.FLi-Lt  ASCi 

*  (-808  GROuSO  TO  ALT  I  TtJCc 

ALII ruvfc 

/‘-SI If  n.SSL. 

ilF  HAtH  t*F 

SIGHT  loeCRI.FSl 

8LK-.3S 

0.1 

93 

100 

104 

12  ) 

15'- 

I/O 

i  .4 

1.37  tv. 

00 

2.3/4t-;l 

1.366:— 01 

5.421E-02 

2.379.-02 

1.931  -02 

»1*. 

7.  Uj- 

n  \ 

j-  oo 

6. 7990-  't 

3.6t,8r- 01 

1 .3176-01 

5. 224T-02 

4.08et--02 

: 

1 1  V 

r.23JE 

»*  A 

4.9711-  00 

1.26.1!  >0 

6.4621  -01 

2.174E-C1 

8.U9C-C2 

6.4481.-0/ 

;• 

1210 

4.492); 

n 

‘l.aSF;  00 

1. 84.lt  L? 

l.vSR*—  01 

2.976  F— 01 

1. 1566-C1 

9.0352-0". 

: 

1j-4 

i.iwr 

1.341-  •>! 

2.463/  o. 

:  .170*  00 

i.754-:-01 

1. 471—01 

I.t53r-01 

FLI  .HI  10.  tl  HIT  <  (C.  • 

'■.IRkCTIdNAl  .’ATI!  KLI  LF-CT  V«Cc  IW<  .SvI.Y)  10  ALT  I  TOOL 
ALTiruiS  7- HI  IK  A.SOL"  OF  "AM-  t:F  SIGHT  ICES’E/S) 


RcTuiS 

90 

Jj 

10( 

1 9  4. 

120 

15 

1-6 

:  5 

2.92V-  ii 

U2/7..-01 

7.389*c-02 

3. (131-32 

1.355E-C2 

1. 1192-01 

.10 

1.330c 

3j 

7.539c-01 

>.F9;r-0l 

1.626C-01 

6.3732-OZ 

2. 778L-02 

'.259  -0’ 

.14 

4.143- 

09 

1. 3*>4C  OO 

4.540L-U 

2 .345*:— 01 

9„o?C*=-*32 

4.072  -L2 

3.2601-C2 

1219 

0. 109c 

0. 

2.175*.  09 

0.4y(r_-0l 

J.517L-01 

1,2 J3F-01 

5.-06F-0? 

4.307L-0? 

1  •  ’4 

1 .  :0'J  . 

,01 

3.402’  0*. 

9.034.  -■  1 

4.757--.U 

1.712L-01 

7.2671-02 

• . 808r  —0 

M  1 

.hi  iO.  .2  II 

ULr-  - 

...  4 

!  - 1  !,  9)  l  If.AL  PATH  HfFLFCf  *•  .CL 

f-POf  OKOI." 

SO  TO  ALTIfUOt 

- 

ALT!  r*J-  l 

7 "Ml  1  H  Af.'ILL 

(IF  P4IH  OF 

sio.tr  tCEO'/trsi 

s.  r -  >.s  > 

- 

Vi 

ICC 

1.5 

129 

13'- 

l'O 

e 

.10 

■14 

1211 

: 

1  J/4 

FLI- 

.HI  *U.  *2  tl 

HILT-  -. 

0.  v 

AlarOI  In, SAL  /All.  *>cFL:CTA‘C2 

FROr*  »sftt  l 

'-3  TO  ALTITUtE 

ALTIlUoh 

21  SITH  ANCLh 

r*  P4TS;  i> 

M-.hT  t  ,i=r. '  i 

MTcKS  >\ 

9  J 

lOu 

n 

12/ 

153 

1>'C 

7 

1*5  9.HII--J-. 

4.00  2.  --1 

9.20C''---*2 

3.793/— 0? 

1.773F-02 

1.454.-0? 

.•n  ;.54s-  oo 

1.1171  00 

1.9  99—01 

7.731.-02 

1.302T-02 

2.0426-0’ 

: 

'■-’14  1.01*-  *1 

2. 24--  0  7 

o*Cj1 :-C 1 

3.1643-01 

1.161*— Ct 

a. 0826-02 

4.0836-07 

1219  2. t.42/  01 

4.0  l.'.  oO 

4.473r- 31 

1.567E-01 

6. 736L-02 

5.400E-02 

7 

1H4  o.7?9F  (H 

7.12-1L  -'0 

UO 

6.  l?Cc—  31 

2.049  ;— 11 1 

8.776E-C2 

7.C44E-0? 
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FLIGHT  86 


s 


4 


Moonlight.  Data  were  gathered  in  the  same  general  area  as  Jn  Flight  8211,  approximately  34  km  east  of  - 

Khorat.  The  data  taking  started  at  2312  local  time  and  continued  until  0139.  The  vegetation  consisted  of 
forested  areas  of  small  deciduous  trees  and  flooded  rice  paddies.  The  sky  was  clear  except  for  high  thin 
cirrus  clouds.  The  moon  phase  angle  was  14^;  thejneon  zenith  angle  ranged from  23°  to  5°  during  sky 
radiance  data-taking.  The  moon  zenith  angle  was  2°  at  time  of  transit.  . 


ALTITUDE 

00WN- 

FLIGHT  N0.-:6  FILTER  NO.  1 

I RAAOIANCE I  MATTS/SQ.M. HICRO  H. ) 
UP-  SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS! 

WELLING 

WELLING 

ALBEDO 

PO  WN  WELL  INC- 

UPNELLING 

TOTAL 

ALBEDO 

193 

1.650E-03 

3.177E-05 

.019 

2.232E-C3 

9.415F-05 

2.326E-03 

.042 

4J5 

6.851E-04 

5.342E-05 

.078 

1.154E-03 

1.555E-04 

1.309E-Q3 

.135 

735 

2.141E-03 

6.633E-0S 

.031 

2.605E-03 

U881E-04 

2.793E-03 

.072 

1032 

2.546E-03 

9.515E-05 

.037 

2.949E-03 

2.397E-04 

3.1881-03 

.081 

1405 

1.123E-J3 

9.111E-05 

.081 

1.486E-03 

2.L81E-04 

1.735E-03 

.167 

1700 

2.355E-03 

1.119E-04 

•  046 

2.7C7E-03 

3.t30fc-04 

3.020E-03 

.116 

FLIGHT  NO. 86 

FILTER  NO.  2 

IRRAOI ANCEI WATT S/SO. K. MICRO  K.) 

ALTITUDE 

DOWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS) 

HELLING 

WfcLLING 

AL8600 

OCWNWELLING 

UPNELLING 

TCTAL 

ALBEDO 

191 

1 .8861-0  3 

7.613E-05 

.040 

2.36SE-03 

1.640E-04 

2.549E-03 

.069 

484 

7.912E-04 

9.154E-05 

.116 

1.183E— 03 

2. 161E-G4 

1.399E— 03 

.183 

785 

2.046E-C3 

9.421E-05 

.046 

2.440E-03 

2.332E— 04 

2.673E-03 

.096 

JLOB? 

2.053E-03 

9,4296-05 

.046 

2.3906-03 

2. 369E— 04 

2.627E-C3 

.099 

1408 

7.320E-04 

1.070E-04 

.146 

1.0326-03 

2.6716-04 

1.300E-03 

.259 

17.02 

.1..728E-03 

.  1.257E-04 

.073 

2.0146-03 

3.007E— 04 

2.3146-03 

.149 

FLIGHT  NO. 86 

FILTER  NO.  3 

IRRAOI ANCEI WATTS/ SQ.M. MICRO  M. ) 

ALTITUDE 

DOWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS) 

HELLING 

WELLING 

ALBEDO 

OCHNHELLING 

UPHELLING 

TOTAL 

ALBEDO 

.190.  „ 

8.770E-04 

_6.  jl6E-05 

.072 

1.174E-03 

2.563E— 04 

1.430b— 03 

.218 

484 

1*3276-03 

5.5386-05 

.042 

1. 5701-03 

1.330E— 04 

1.703E— 03 

.085 

785 

1.. 8231-03 

9.2476-05 

.051 

2. 0556-03 

1.91BE-04 

2.247F-0J 

.093 

1081 

1. 309E-03 

1.775t— 04 

.136 

1.4896-03 

3.097E-C4 

1.798E-03 

.206 

1402 

1.1486-03 

2.009E-04 

.175 

1.309E— 03 

3.681E— 04 

1.6776-03 

.281 

1700 

3.714E-03 

1.528E-04 

.041 

3.8856-03 

3.177E— 04 

4.203E-03 

.082 

ALTITUDE 

DOWN- 

FLIGHT  NO. 86  FILTER  NO.  4 

IRRAOI ANCE1NATTS/SQ.M. MICRO  H.) 
UP-  SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS) 

HELL  INC 

HELLING 

ALBEDO 

00  UNHELLING 

UPHELLING 

TOTAL 

ALBEDO 

173 

1.600E— 03 

’  9071-04 

.244 

1.889E—G3 

7.591F— 04 

2.648E-03 

.402 

485 

1 .7266-03 

3.  5476-04 

.206 

1.9426-03 

6.9C5E-04 

2.6321-03 

.356 

785 

l.635t-0_3„ 

„ _ 3.8281=04.. 

-  .234 

1.794E-03 

7.2866-04 

2.523E-03 

.406 

109? 

2.1461-03 

3.456E-04 

.161 

2.274E-03 

6.630E-04 

2.9376-03 

.292 

1401 

A.022E-04 

2.9296-04 

.325 

1.C85E-03 

7.369E— 04 

1.7426-03 

.733 

1704 

3.0646-04 

2.689E— 04 

.878 

3.968E-04 

5.4766-04 

9.4436-04 

1.380 

ALTITUDE 

DOWN- 

FLIGHT  NO. 86  FILTER  NO.  5 

I RRAUIANCEt WATTS/SO. M. MICRO  M.) 
UP-  SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS) 

HELLING 

HELLIN'* 

ALBEDO 

OOWNWELLING 

UPHELLING 

TOTAL 

AL8E0C 

173 

1.029E-03 

7.2686-05 

.071 

1.439E-03 

1.575E-04 

1*596E-C3 

.109 

484 

8.08GE-C4 

1.042E-04 

.129 

1.184E-03 

2.342E-04 

1.418E-C3 

.198 

785 

1.114E-03 

1.268E-04 

.114 

1.448E-03 

2.726E-C4 

1.720E-03 

.188 

1082 

1.U81E-03 

I.234E-04 

.114 

1.384E-03 

2.868E— 04 

1.6701-03 

.207 

1703 

7.107E-04 

1.3216-04 

.186 

9.634E-04 

3.218E-C4 

1.285E-C3 

.334 

FLIGHT  no.  86 

azTnuth  of  path  of  sight  *  0 

OlfifcCTIONAL  REFLECTANCE  OF  BACKGROUND 


ZENITH 

FILTERS 

ANGIE 

i 

2 

5 

3 

4 

93 

.06068 

.05670 

.21526 

.15968 

.16252 

96 

.05166 

.03023 

.11197 

.08106 

.16996 

100 

*03663 

.02792 

.08351 

. 06660 

.16576 

105 

.02626 

.03367 

.06709 

.05762 

.20674 

120 

.02028 

.03126 

.06155 

.05224 

.22630 

150 

.01629 

.06055 

.09731 

.07497 

.16876 

180 

.01528 

.03861 

.06693 

.08972 

.27514 

FLIGHT  NO.  86 

AZIMUTH  OF  PATH  OF  SIGHT  «  90 

.  DIRECTIONAL  REFL6CTANC£''0'F"6ACKS(il0lWB' . 

ZENITH  FILTERS 

-  . 

4  ‘ 

.16713 

ANGLE 

93 

1 

.07280 

2 

.05301 

5 

.12136 

4 

.28630 

95 

.04436 

.03866' . 

";b9b'35 

.  1049 3’ 

■■'.19530' 

100 

.03537 

.02327 

.07720 

.07313 

.19691 

id's" 

.02347 

'  .03695' 

.07411 

.06515*  ”* 

.21027 

.  120 

.01394 

.03065 

.04755 

.05776 

.22879 

150 

.01366 

.03852 

.08014 

.06045 

.19626 

180 

.01528 

.03881 

.06493 

.08972 

.27514 

FLIGHT  HO.  66  _ 

AZIMUTH  CF  PATH  OF  SIGHT  -  180 

UIRECTIUNAL  REFLECTANCE  OF  BACKGROUND 


ZENITH 

FILTERS 

ANGLE 

1 

2  . 

5 

3 

4 

93 

.08685 

.09135 

.11669 

.13567 

.24222 

.  95 

.05106. 

•05190. 

.10517 

.07901 

•23*0» 

100 

.03571 

.04695 

.09906 

.07079 

.25091 

105 

.03049 

.04754  . 

.08358  . 

.0736? 

.24748 

120 

.0273? 

.05239 

.07326 

.06999 

-.25600 

150 

.022  .‘7 

.04/32 

.09452 

.06016 

.26679 

iao 

.01526 

.03881 

.06493 

.08972 

.27514 

- 

FLIGHT  NO.  86 

"  ’  . . .  '  “  - 

-  - - .......  - - 

' 

AZIMUTH  OF 

PATH  OF  SIGHT  »  270 

DIRECTIONAL  REFLECTANCE  OF 

TfCK6R80S6 

^  ZENITH 

FILTERS 

ANGLE 

1  2 

5 

3 

'  4"' 

93 

.08476  .09402 

.13639 

.25560 

.19699 

. «r 

.04951  . 06223 

.  06676 

.11559 

.19113 

100 

.03383  .04125 

.08633 

.07726 

.22255 

- rov 

.02639  ' .06468 

.06450 

.07254 

.23501 

120 

.02110  .04169 

.05169 

.07626 

.2675 2 

156 

.01924  .04415 

.07915' 

.06833 

.18406 

180 

.01528  .03881 

.06493 

.08972 

.27514 
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DATE  100768 

FLIGHT  NO. 

86  GROUNO 

LEVEL  ALT17U0E  (  *.)■ 

214  IUP«1 

ALTITUDE 

(METERS) 

TOTAL 

FILTERS  1 

SCATTERING  COEFFICIENT  (PER 

2  3 

METER) 

4 

5 

0 

4.041E-05 

3.1836-05 

1.764E-C5 

1.450E-05 

4.1896-05 

30 

4.028E-05 

3.1726-05 

1.758F-05 

1.445E-C5 

4.175E-05 

61 

4.014E-05 

3. 162E-05 

1.752E-05 

1.440E-05 

4.161E-05 

91 

4.0Q1E-05 

3.1516-05 

1.7466-05 

1.435E-05 

4.1476-05 

12? 

3.9886-05 

3.1416-0  T 

1. 741E-C5 

1.430E-05 

4.1346-05 

142 

4. 104E-05 

3.2156-0! 

1.747E-05 

1.446E-05 

3.9J9E-05 

183 

3.966E-05 

3 .3276-05 

1.737E-05 

1.424E-C5 

3.8096-05 

213 

4.344E-05 

3.269E-05 

1. 7146-G5 

1.413E-C5 

3.7126-05 

244 

4. 1926-05 

3.340E-05 

1.6666-05 

1.388E-06 

3.6376-05 

?74 

3.6476-05 

3.091E-0S 

1.6356-05 

1.380E-C5 

3.5876-05 

305 

3.345E-05 

2.563E-05 

1.631E-05 

1.371E-C5 

3.5686-05 

335 

3.2756-05 

2. 4756-05 

1.630E-C5 

1.3666-05 

3.6716-05 

366 

3. 207E-05 

2.461E-05 

1.626E-05 

1.370E-05 

3.669E-05 

396 

3.427E-05 

2.4326-05 

1.6026-05 

1.3676-05 

3.6486-05 

427 

3.3066-05 

2.399E-05 

1.6106-05 

1. 3686-05 

3.5876-05 

457 

3.2096-05 

2.3656-05 

1.572E-OS 

1.355E-05 

3.5936-05 

488 

3. 159E-05 

2.358E-05 

1. 5346-05 

1.355E-05 

3.5356-05 

618 

3.1386-05 

2.355E-05 

1.5366-05 

1.356E-05 

3.333t-05 

549 

3. 114E-05 

2.355E-05 

1.527E-05 

1.363E-CS 

3.2366-05 

379 

3. 1206-05 

2.331E— 05 

1. 529E-05 

1.351E— 05 

3. 17SE-05 

610 

3.114E-05 

2.308E-05 

1.5226-05 

1.346E-05 

3. 1856-05 

640 

3.092E-05 

2.287E-05 

1.507E-05 

1.353E-05 

3.267F-05 

671 

3.0866-05 

2.2986-05 

1.5146-05 

1.344E— 05 

3.294E-05 

701 

3.0556-05 

2.2996-05 

1.53CK-05 

1.34BE-C5 

3.2456-05 

732 

3.0266-05 

2.3006-05 

1. 5186-05 

1.338E— 05 

3.215E-05 

...  .262 

3.0676-05 

2.302E-05 

1.5106-05 

1.331E-C5 

3.1376-05 

792 

3.0206-05 

2.3076-05 

1.4936-05 

1.334E-05 

3.110E-05 

823 

2.9436-05 

2.2996-05 

1. 5096-05 

1.335E-05 

3.1436-05 

853 

2.9176-05 

2.3186-05 

1. 503E-05 

1. 3486-05 

3.1916-05 

.  884 

2.899E-05 

2.3086-05 

1.5116-05 

1.356E-0S 

3.1996-05 

914 

2. 8986-05 

2.2586-05 

1.5066-05 

1.365E-05 

3.348E-05 

945 

2.903E-05 

2.2616-05 

1.5G86-05 

1.364E-C5 

3.1986-05 

975 

2.929E-05 

2.2786-05 

1.497E-05 

1.354E-05 

3.0636-05 

1006 

3.0166-05 

2.3176-05 

1.492E-05 

1.352E-05 

3. 0776-05 

1036 

3. 110E-05 

2.283E-05 

1.4886-05 

1.353E-05 

3.0696-05 

1067 

3.1206-05 

2.3156-05 

1.5126-05 

1.344E— 05 

3.G69E-05 

1097 

3.1176-05 

2.3116-05 

1.5246-05 

1.343E— 05 

3.0276-05 

1128 

3.1446-05 

2.462E-05 

1.5036— 05 

1.339E-C5 

3.0056-05 

1158 

3.331E— 05 

2.488E-05 

1.4846-05 

1.351E-05 

2. 9256-05 

1189 

3.3206-05 

?. 5036-05 

1.4926-05 

1.3436-C5 

2.956E-05 

1219 

3.2376-05 

2.5036-05 

1.5236-05 

1.371E— 05 

3.128E-05 

1250 

3.299E-05 

2.4876-05 

1.4796-05 

1.3836-05 

3.2066-05 

1280 

3.4586-05 

2.438E-C5 

1.4476-05 

1.39TE-C5 

3.1686-05 

1311 

3. 5486-05 

2.385F-05 

1.443E-0S 

1.391E-C5 

3.1136-05 

1341 

3. 3786— 05 

2.3366-05 

1.437F-05 

1.381E-C5 

3.0646-05 

1372 

3.4276-05 

2.3026-05 

1.4396-05 

1.376E-C5 

3.O37E-05 

1402 

3.7526-05 

2.2966-05 

1.4436-05 

1.381E-05 

3.0286-05 

1433 

3.5896-0* 

2.2696-05 

1.4436-C5 

1.371E-05 

3.1526-05 

1463 

3.4616-05 

2.2586-05 

1.435E-05 

1.374E-05 

3.1856-05 

1494 

3.295E-05 

2.2636-05 

1.4416-05 

1.3876-05 

3.0646-C3 

1524 

3.4196-05 

2.2936-05 

1.437E-05 

1.366E-05 

3.085F-05 

1554 

3.3826-05 

2.3146-05 

1.4506-05 

1.375E-05 

3.0336-05 

1585 

3.2446-05 

2.3486-05 

1.4496-05 

1.362E-C5 

3.0496-05 

1615 

3.0906-05 

2.290E-05 

1.4896-05 

1.363E-05 

3.0116-05 

1646 

3.093E-05 

2.2176-05 

1.5G8E-05 

1.347E-05 

2.9606-05 

1676 

3.024E— 05 

2.143E-05 

1.4806-05 

1.3466-05 

2.876E-05 

1707 

2.9526-05 

2.1266-05 

1.4486-05 

1.348E-05 

2.9496-05 

1737 

2.9426-05 

2.1196-05 

1.443E-05 

1.343E-05 

3.013E-05 

1768 

2.932S-05 

2.1126-05 

1.4386-05 

1.339E-05 

3.0036-05 

1798 

2.9226-05 

2.105S-Q5 

1.434E-03 

1.335E-C5 

2.9936-05 

1829 

2.912E-05 

2.0986-05 

1.429E-05 

1.330E-C5 

2.983t-05 

FIRST  DATA 

ALT.  5 

5 

5 

5 

5 

LAST  DATA 

ALT.  57 

57 

57 

57 

to 

I 


ELIGHT  NO.  86  FIL1EK  NO.  1 

BEAM  TRANSMITTANCE  FROM  GROUND  lU  ALTITUDE 


ITU.)£ 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

95  ■ 

•  Tfio 

. "Yd'S 

1 2 

15. 

305 

.7906437 

.8695263 

.9322360 

.9540127 

.9769250 

.9660288 

610 

.6516131 

.7769680 

.8810331 

.9185312 

.9569649 

.9749230 

914 

.5416125 

.6993135 

.8356786 

.8865316 

.9J9560C 

.9646460 

1219 

.4460619 

.6273376 

.7913415 

.8546924 

.92 1  93  If. 

.9541591 

1524 

.3564858 

.5559661 

.7447958 

.8206284 

.9027323 

.9426316 

i  MO 

.9878  •■’)' 
.9782458 
.9693090 
.9691765 
.9591223 


..  _  _  FLIGHT  NO.  86 _ FILTER  NO.  2 _ 

BEAM  TRANSMIT! ANCE  FROM  GROUND  TO  ALTITUDE 
ALTITUDE  .  je&lTH  ANGLE  OF  PATH  Or  SIGHT  (DEGREES) 


METERS 

93 

95 

100 

105 

120 

150 

'4u5 

.8298567 

.8949382 

.9458112 

.9633112 

,9808373 

.988*9912 

olO 

.7183935 

.8229836 

.9068469 

.9365015 

.9666109 

.9805846 

7.4 

.623730’ 

.7593759 

.8109638 

.9114746 

.9531522 

•972«785 

1  219 

.5 38 1405 

.6992243 

.8356261 

.8864935 

.9395391 

.9646336 

1  .-4 

•464jn*2 

.6442063 

.8019503 

,8623634 

. 92621 3C 

.95671  )4 

1<. 

.9903723 

.9831637 

.9762951 

.969298- 

.9623996 


.  _ FLIGHT  NO ^  66 _ FILTER.  NO.  3 

BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 
ALTITUDE . . iLENl T_n  ANGLE  OF.  PATH  OF _.S JGHT  (DEGREES) 


METERS 

93 

95 

100 

105 

120 

150 

i>-c 

.-195 _ 

.9Q39Q60  . 

.9416462 

.9702731 

.9799566 

.9895741 

.9939673 

.9947734 

610 

.8225347 

.8912127 

.9438330 

.9619589 

.9801243 

.9834761 

.O'. 00123 

914 _ 

.7499356 

.  .8453451 

.9191315 

.9449942 

.9711386 

.9832338 

.9854636 

1219 

.6828738 

.8021020 

.8952243 

.9284316 

.9622903 

.9780516 

.9809640 

1524  ... 

.....6225357... 

.  .J 62476.7. 

.  •.87.2.7470  ... 

.9127262 

.9538295 

.9730775 

.9766419 

FLIGHT  NO.  86  FILTER  NO.  4 

BEAK  TRANSMIT! ANCE  FROM  GROUND  TO  ALTITUDE 
ALTITUOE  ZtNITH  ANGLE  OF  PATH  OF  SIGHT  (OEGRtfiSI 


METERS 

93 

95 

100 

105 

12( 

130 

no 

305 

.9198805 

.9515131 

.9753627 

.9834025 

.9913738 

.9931106 

.0936776 

610 

.8478964 

.9072871 

.9523392" 

.'9677670 

.9831831 

.9902560 

.9915359 

914 

_ -_7.8i.Ul.Q_  .  _ 

.8656240 

.9301328 

.9525681 

.9761598 

.9853823 

.987i0lo 

1219 

.7131267 

.8256715 

.9083323 

.9375304 

.9671605 

.9609064 

.983443 

1524 

.6579594 

.7867617 

.8365897 

.9224139 

.959C56? 

,97nl52R 

.979 3! 44 

FLIGHT 

NO.  86 

MITER  NO. 

5 

BEAM  TRANSMITTANCE  FROM  GROUND  TO  Al  TITUOE 
ALTITUDE  ZENDH  AN.LE  OF  PATH  OF  SIGHT  (DEGREES) 


* 

METERS 

33 

95 

100 

105 

120 

157 

1-iO 

u 

305 

. 7943129 

.8719530 

.9335399 

.9549077 

.9763988 

.9863051 

.9881290 

- 

610 

.6445785 

.7/19616 

.8781792 

.9165339 

.955887? 

.9742899 

.9776948 

914 

.5295414 

•6909645 

.23C1141 

.8225666 

,9373825 

.9633546 

.968185. 

1 

1219 

.4370096 

.0179706 

.7866633 

.6512992 

.9200425 

.9530254 

.9591865 

1324 

.3581754 

.5360336 

.7448412 

.8206620 

.9027514 

.9426431 

.9501323 

i 


6-39 


L 


0 


AZIMUTH  OF  PATH  OF  SIGHT  ■  _ _  _  _  _ 

FLIGHT  Nfiu"  86  '  FILTrlOflK  ~t 

PATH  RAQJAN?g  FROM  GROUND  TO  ALT  I TUOEI  MATT  S/STER.SQ«_M_  MICRO  M.I 


ALTITUDE 

METERS 

305 


93 

3. 555E-05 


ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


..ft  10  5.071  E-05_ 

914  6.9426-05 

1219  8.7346-05 

1524  9.393E-05 


95 

2.022F-05 
3.053b— 05 
4.3456-05 
ft. 6796-05 
6.419E-05 


100 

9.8566-06'' 
1.545E-05 
2. 2606-05 
3.0356-05 
3.5536-05 


105 

'673266-06 
1.008E-05 
1 .496E-05 
2.039E-05 
2.417E-05 


120 

2.9876-Ofc 

4.8376-06 

7.4106-06 

1.039F-05 

1.247E-05 


ISO 

1. 8036-06 
2.9096-06 
4.668--06 
6. 8656-06 
8.622' -06 


If  0 

1.98P'-0fc 
3.119.-06 
S.080t-0.. 
7.  ‘.'89'  -06 
9.  779-. -06 


FLIGHT  NO.  36 


FILTFR  NO.  2 


PATH  RADIANCE 

FROM  GROUND  TO 

AL TI TUDE (WATT S/STER. SO* M 

MICRO  M.) 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

9b 

IOC 

105 

120 

15- 

1 

‘  "305 

"Y.T32'fc-05 

1.649E-05 

8.085F-06 

5.2596-06 

2.5906-06 

1.688c— 06 

1.905C-06 

610 

4.1796-05 

2.4582-05 

1.237E-05 

8.1266-06 

4.024L— 06 

2.5921  -06 

2.8591  -06 

914 

5.6156-05 

3.423E-05 

l  .7596-05' 

171666—05 

5.875E-06 

3.8496-06 

4.29ft! -06 

1219 

6.8156-05 

4. 304t'—u5 

2. 264E-0S 

1.5176-05 

7.7706-06 

5.206f -06 

5.3S7c-0- 

1  >24 

7.256c— 03 

4. /O4E-05 

2. 571E-05 

1. 7386-05 

8.953E-06 

6.085.  -06 

6.9582-06 

ALTITUDE 
_ _  MEIERS 

305 

_ 6JLQ— 

914 

. L219L 

1524 


FLIGHT  NO.  86  FILTER  NO.  3 

PATH  RADIANCE  FROM  '-ROUND  TO  ALTITUDE (WATT S/STER. SQ.M  MICRO  M.) 
ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


_ 33.  .... 

1. 0116-05 

_ U354Er.05_ 

2.705E-05 


_ -3*3326.-0.5 . 2..0U6C-05 

3.8486-05  2. 379E-05 


95  100  1U5  120  150  l'-O 

5. 5636-06  2.664F-06  1.7016-06  7.9261-07  4.600,— 07  4.987t -07 

1.0536-05 _ JLUiM-ftft  .3.31966-06  1.5666-06  9.614!-C7  1.1121-06 

1.580F-05  7.812F-06  5.0756-06  2.4681—06  1. 5986-06  1.927L-06 

.  ..2^0lL6C.-.05  1.0126.-05  6..652C-06  3.314c-06  2.247F-06  2.739'.-06 

2.379E-05  1.2231-05  8.1106-06  4.0936-06  2.9611-06  3.827r.-C6 


FLIGHT  NO.  86 


FILTER  NO. 


PATH  RADIANCE  FROM  GROUND  TO  ALTITUDECWATTS/ST6R.SQ.M  MICRO  M. ) 


r I TUDE 
METERS 

9J 

7»*M  f  H  A.'ICLC 
99 

.;f  path  of 

1  00 

SIGHT  (DEGREES) 

1 03 

120 

150 

1  :0 

305 

1. 4552-05 

S.023— .6 

3. 8396— 6 

2.535f  — Oo 

1.279-—06 

8.1096-07 

9. 1336-07 

610. 

„J2c592h-U5 

1.4701-05 

7.2496-06 

4.7696-04 

2.4376-06 

1.5821-06 

I. 8226-06 

914 

3.5116-05 

2.053t-05 

1.0336-05 

6.8726-06 

3.5766-06 

2.3802-06 

2.77/L-06 

1219 

4.3416-05 

2.6106-05 

1.3376-05 

8.977E-06 

4.7396-06 

3.230: -06 

3.9426-06 

1524 

4.7876-05 

2.962L— 05 

1.548C-05 

1.9432—05 

5.5736-06 

3.884,-06 

4.733-06 

FLIGHT  NO.  86  FILTER  NO.  5 

PATH  RADIANCE  FROM  GROUND  TO  AL  T I TUDE l WATT  S/STER . SQ. M  MICRO  R.) 


ALTITUDE 

METERS 

.  305 

_  61,0_ 
914 

_  1219 _ 

1524 


93 

T.472E-6S 

4.036E-05 

5.253E-05 

6.140E-05 

6.741E-05 


ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


95 

100 

105 

120 

15  ■ 

1  -C 

r.*03E-05 

6.8396-04 

4.3926-06 

2.C686-06 

1.226. -06 

1.325-06 

2.4236-05 

1.2266-05 

8.0016-06 

3.8436-06 

2.29u  -C6 

2.444.-06 

3.305E-05 

1.726E-05 

1. 1446-05 

5.634S-C6 

3.459!  -C6 

3. 726:;-0  . 

4.0296-05 

2. 168E-05 

1.4576-05 

7.3196-06 

4.989.-06 

4.970  -06 

4.608E-05 

2.5566-05 

1.7381-05 

8.873E-06 

•  5.652- -06 

6* 18^1 *06 

640 


90 


ALTITUDE 

..  .NSTCJUL 
*05 

_ fcJLfl— 


•6 -  FTUTHf  «n - 

fATH-«*J?Ij|^g„Lll»_C»90Wp,Tp.>itTjTm(M*m/ATJ«.59.^.j!?CM.W; 


ZENITH  ANCLE  OF  PATH  OF  S1CHT 


9)  95 

3 .1256-05  I. *206-05 

SIMt-Oi _ 2dftlfc-P5_ 


_ I00-- 

9.437E-04 


IDECAEES1 

ABL  ■ 


UP 

3.5146—04 


914  6.4256-05  4.0T9E-0S 

.1215 _ EjASJArM.-.^AdZU-OA... 

1524  9.025E-05  4.211E-05 


6.4246-04 
1.490E-05  1.020E-03  5.5HE«M 

2.2136-05  1. 5296-05  8.4216-04 

Z*fS4Jtr£! _ 2a91>E-P_? _ ldSSfctf- 

3.327E-05  2.449E-05  1.345E-05 


ISO 

1.4ME9I 

3.70*6-04 

S.T9SE-04 

I.12M-04 

9.791E-0* 


1«> 

1.949E-94 

3.119E-8* 

5.0406-84 

.7.Si9€r«4 

9.T74E-6* 


ALTITUDE 


PLIGHT  NO.  16  FILTER  Nb.  2 

PATH  RADIANCE  FROM  CROUND  TO  ALTITUOEtNATTS/STER.SO.N  MICRO  N.1 

- fmrWikia  of  nFim^Tir  iniwT'TOKicmi - 


METERS  93  95  100 _ .  105  120  150  100 

- 305 . '“2*.7KF=B5 - IV5WF-CP5 - 8V07TF-0S - T.m-K - 3‘. W5F-M'  2. 1746-04  1.905F-W' 

610  3.881E-05  2.3296-05  1.230E-05  8.418E-06  4.450E-0*  3.259E-04  2.9*96-04 

- 1>14 - 57ICTE=TO - 33WPW - 1 .7546-55 - 1. 2096-0  5 - f.  73ZF-04 - 4.7WE-04 - 43WPW 

1219  6.4686—05  4.1436-05  2.258E-05 _ 1.56 5 E- 05  8.7216-0*  6.2506-04  5.9576-04 

1524  "  6.9436-05  'aIaUMT  ‘"*275666-05  iVT87E-03  9.9216-04  7.1436-04  4.9586^^94 


FLIGHT  NO.  86  FILTER  NO.  3 

PAIM  .RAfiIJUt5E„fR0fl  GROUND  TQ  AkTI.I«Pf.lN*TJ'.5/.5XP«*§DfN  RJCRp  M.I 

ALTITUDE  ZENITH  ANCLE  OF  PATH  OF  SIGHT  (DECREES) 

_ METERS  93 _ 95  . . _  ...IDO.  _  .  ..  105...  120 

305  1.049E-05  5.895E-06  2.957E-06  1.955E-06  9.T2RE-07 

-610 _ UBlRfcOa _ ldS3E-Q5.. _ 5*3I2fcfl4 - _ Ad 


914 

_ _ 1211. 

1524 


2.575E— 05 
A. 174F-OS 
3.684E-05 


1.5356-05 

OWKUE-JttS. 

2.310E-05 


7.961E— 06 
1.020 E— 05 
1.226E-05 


5.3*56-06 

■J5.«t3fc-Q8- 

8.3736-06 


.871E-04 
2.8796-06 
3.7456-04 
4.523E-04 


150  180 

5.9636-07  4.9976-87 

.  1j.24*E-Q4 _ l.U2JE=S9 

2.0926-06  1.9926-94 

Z.779E-04  .  2.739fc*L 

3.351E-04  3.4276-04 


FLIGHT  HO.  86 

FIL7ER  NO.  4 

PATH  RADIANCE  FROM  GROUND  TO  ALTlTUOEtMATTS/STER.SQ.M  MICRO  M.) 

ALTITUDE 

ZEM1TH  ANGLE 

OF  PA7H  OF 

SIGHT  (DECREES) 

METERS  93 

95 

100 

105 

120 

ISO 

190 

305 

I.210E-05 

6.865E-06 

3.563E-06 

2.466E— 06 

1.4276-04 

*  1.0576-04 

9. 1356-67 

610 

2.207E— 05 

1.287E-05 

6.767E-06 

4.697E-06 

2.7276-04 

2.0496-04 

1.9226-07 

914 

3.0806—05 

1.8436-05 

9.796E-06 

6.8246-06 

3.9476-04 

3.037E-04 

2.  772E-94 

1 Z15L 

3.466E-05 

2.4286-05  „ 

Ad  98  E“  05. 

9.0466-06 

3.9T96-04  .. 

1524 

4.8406-05 

3.0286-05 

1.6276-05 

1.127E-05 

6.25*6-06 

4.711E-04 

4. 7336-04 

FLIGHT  NO.  86  FILTER  NO.  5 

PATH  RADIANCE  FROM  GROUND  TO  ALTITUOEOIATTS/STES.SO.M  MICRO  M.) 


ALTITUDE 

METERS 

93 

ZENITH  ANGLE 

. 95„_ 

OF  FATH  OF 
100  . 

SIGHT  (DEGREES) 
JOS 

120 

305 

2. 192E-05 

1.2696-05 

6. 505 E— 06 

4.39DE-06 

2.3226-06 

610 

3.6436-05 

.2.2266-05. ... 

1.175E-06 

_ 1.  *956-54 _ 4.25«-04 

914 

4.8566-05 

3.0946-05 

1.6T6E-05 

1.1506-05 

6.1996-04 

_ 1219.. 

_ 5jl.T73E.-05. 

3d2.4E.r05 

--2.-UAEr.05 

U.445E-0.3 _ 

-T.*?«-06 

1524 

6.4176-05 

4.4176-05 

2,5076-05 

1.7496—05 

9.5146-04 

ISO 

1.5516-04 

2.953E-04 

4.1999-04 

5.299E-04 

4.515E-06 


1.S2SE-06 

2.445E-04 

3.7266-46 

.4*9706-04. 

4.1946-06 


Ml 


AZIMUTH  OF_PATH  OF  SIGHT  *  130 

~'F'LI6HT  NO.  86  '  FILTER  NO.  1 

PATH  RADIANCE  FROM  GROUNO  TO  ALT ITUDE ( WATT S/S7ER. SQ. K  MICRO  K. ) 
ALTITUDE  . ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


METERS 

93 

95 

100 

105 

120 

150 

ltfO 

305 

3.101E-05 

1.813E— 05 

9.4775-06 

6. 4986-06 

3.606E-06 

2.45BS-06 

1.98RC-06 

nlO 

4.5226-05 

2.7BIE-05 

1.4916-05 

1 .0276-05 

5.643E-06 

3.755E-06 

3. 119E-06 

914 

6.  3456-04 

4.033E-05 

2. 193E-05 

1 .518E-05 

8.368E-06 

5.683F-06 

5.080F-06 

1219 

8.153c— 05 

5. 363E-05 

2. 967E-05 

2.069E-05 

1.148E-05 

U.016'  -C6 

7. 5B9t-06 

1524 

8. 915E-05 

6.144C-05 

3.497E-05 

2.455E-05 

1 .3626-05 

9.816L-06 

9.7791-06 

FLIGHT  NO.  86  FILTER  NO.  2 

PATH  RADIANCE  FROM  GROUNO  TO  ALT!  TUOt  (WATT  S/$TCr<.  SC.  M  MCI1.;  r„  ) 

ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

METERS  03  95  _)00  105  lk-:  l->0  I'D 

305  2.661  E— 00  1.5386-05  "  8.038E-06  5.520C-06  3. 1156-06  ?  .Z'^-Ob  1.905>-'-C6 

610  3.819E-05  2.300L-05  1.226E-C5  _8.454E-06  4.739E-';o  3.3UK-06  2.859I--06 

914  S.l90fc-0'i  3.224':-05  1.736E-05  1.201E-05  6.709F-:.b  4.7t5:-06  4.296  -06 

1219  6.3S2L— ''5  4.0)32-04  2.236E-05  1.5546-05  8.630t-06  6.1682-06  5.8576-06 

IS  24 . 6.'a6M'-U6  4. 5071-05  2.64U-05  i.7?4t-05  9.3Y9t-0t  7.112r-06  6. VSR—  U6 


FLloHl  NO.  36  FIL  r.-".  NC.  : 

PATH  RADIANCE  .EitUK.UKUU&E.  TC_  ALT  I.TUCE(WATT,S/STI:  I.SC.M  MICRO  M.  ) 
i  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


ALTITUOE  ZENITH  ANGLE  OF  PATH  OF 

_ _ JltXEAS _ ai _ .95. . 100 - 


305  B.202G-06 

_ 410  1.S52F.— 05 

914  2.330E-05 

.1210 _ -2_949E.-.05_ 

1624  3.488E-03 


4.630E-06 


2.361E-06 


1.387E-05  7.1A6E-06 

...-l.802t-.05 . 9.4461-06 

2. 1836-05  1.1586-J5 


LOj  120  150  ISO 

1 .597C-06  E.669E-07  6.0041-07  4.9871-07 

.3*1488-06...  1.715F-06  1.2296-06  1.112E-06 

4.889E-06  2.6646-06  1.955E-36  1.9221--06 

6. .4561-06 .  3. 5315-06  2.647L-06  2.739^.-06 

7  •  945E-D6  4.?.54r-06  3.462  -06  3.827E-C6 


FLIGHT  HO.  RA  FILTER  •«.  4 

PATH  RADIANCE  FROM  GROUND  TO  AL T  I  TUGE ( WATT SZ 5TE:< .S*3. M  MIC-C  *.! 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  ( DEGREES  I 


MEIERS 

9J.  . 

95 

100 

105 

1? 

150 

li  0 

305 

1.2556-05 

7.159F-06 

3.7636-06 

2.628E-06 

1.54  7.' -06 

1.1551- -06 

9.1336-07 

610 

2.296E-05 

l. 3446-05 

7. 1346-06 

4. 987E-06 

2.931 :— Oft 

7. 2086-06 

1.8226-06 

914 

3.2086-03 

1.924E— 05 

1 .0276—05 

7. 17AE-06 

4.171 '-Co 

3.1256-06 

2.7721-06 

1219 

4.054L-05 

2.487E-05 

1 . 335E-06 

9.335->n6 

5. jcOr -OA 

4.061i_-06 

3.342*.— 06 

1624 

4.521E-05 

2.8451-05 

1. 347E-D3 

I.0B4E-'-!, 

r,.’3f'.-C6 

4.7841-06 

■4. 7332-06 

FLIGHT  NO.  86 

FILTER 

iC.  3 

PATH  RADIANCE 

FROM  GROUND 

TO  ALTITUCEtWATTS/STL’.SC.M 

MICRO  M. ) 

'lruue 

"ZENITH  ANC  : 

E  OF  PATH  OF 

SIGHT  (DEGREE  s) 

METERS 

...  .  93  .. 

95 

100 

105 

120 

r- 

1  ■  ;> 

305 

2. 160E-05 

1.2S96-G5 

6.5526-06 

4.4732-06 

>.45?-.-'-6 

1.666-ci 

1.325..-C6 

410 

3.6116-05 

2.214E-05 

I . 1836-05 

8  •  1226-06 

4.437r.-0H 

7.977’ -06 

2 . 4455-06 

J14 

4..II5E-05 

3.0761:— Oj 

1 . 6776-05 

1  .  1686-05 

6.322;*-C6 

4,2602-06 

3 . 726r  —06 

12(9 

5.7496.-1)4 

3. Ul 3E-D 5 

2.  1216-05 

1.4 744-05 

R. 045—06 

5.443*:-06 

4. 77':  c -06 

1524 

6.  39411-05 

4.407';— 05 

Z.51P.:-D5 

1 • 7674—05 

V.  6 ' 8  —06 

6.570.  -06 

6. 1861-06 

6-42 


I 


AZIMUTH  OF  PATH  OF  SIGHT  -  ZJO _ _ _ 

FLIGHT  N0.86  FTOdR  NO.  1 


PATH  R  AOJ ANCE  FROM  GROUND  TO  ALTITUOEtMATTS/STER.Sg.HJtlCAO  M. I 

ALTI  TUDE . . . YenITH"  ANCLE  OF  'PAfH  Of  SI GK  ?  (DEGREES I  ' 

M5fE»S  93  95  100  _ 105_ _ 120  _  150 

JOS  "  3.6a9E~05  *  1. 755E-0 5~  S.S95E-06  S.925E-06  5.6A2E-06  1.983E-06 

_  610  A.A73F-0S  2.7I6E-05  1.A20E-05  9.545S-06 _ 4.919E-06  3.147E-06 

91 A  6.337E-05  3.984E-05  ~  2.125E-05  1.442E-05  7.574t-06  5.005E-06 

12*9  8.150E-05  5.327E-05  2.917E-05  2.006E-05_  1.083E-05  7.AB2E-06 


1524  8.9036-05  6.111F.-05  3.4S2E-05  2.397C-05  1.302E-05  9.347E-06 


180 

1.9B8E-06' 

3. 119E-06 
5.0B0F-06*  _ 
T.589E-06 
9.779E-06 


.  FLIGHT  NO.  36  FILTER  NO.  2 

PATH  RADIANCE  FROM  GROUND  TO  ALTITUDE! WATTS/ STER. SO .M  MICRON.) 


ALTITUDE 

ZENITH  ANGLE 

OF  PATH  UF 

SIGHT  '(DEGREES) 

'  * . .  "  '  **  * 

...  ■  .  .  ■■ 

METERS 

93 

95 

100 

105  120 

150 

180 

305 

2. 631 £-05 

1.50  IE-05 

7.6A7C-06 

'  5.122S-06  2.712E— 06 

1.851E-06 

1.905E— 06 

610 

3.792F-05 

2.25TF-05 

1.175E-05 

7.9206-06  A.186E-C6 

2.805E— 06 

2. 859E-06 

71 A 

5.190E-05 

3.189E-05 

1 .6  86C-05 

lTTAlE-iT5  6.090E-06 

A. 1 ATE- 06 

A.296E-06 

1219 

6.380E-05 

A.063E-05 

2.1946-05 

1.502E-05  8.U7E-06 

5.687E-06 

5.857E-06 

15  2  A 

6.845E-05 

A.526E-05 

2.500E-05 

1. 7236-05  9.360E— 06 

6.675E— 06 

6.958E-06 

FLIGHT  NO.  86  FILTER  NO.  3 

PATH  RADIANCE  FROM  GROUND  TO  ALTITUOFIMATTS/STER.SQ.M  MICRO  M. ) 

ALTIUIDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

9.3  93  JOO .  105. .  120  150  180 

305  aY799E-06 . A."fl94C-06  2.4I8E-06  1.585E-06  ,  7.853E-07  A.918E-07  4.987E-C7 

610  1.63BF-95  9.382E-06  A. 70 ^ti-Oh _ 3. 105E-06  1.566E-06  1.031E-06  1.U2E-06 

91 A  2.434fc-29  1.431E-05  7.276E-C6  4.836E-06  2.A87F-C6  1.713E-06  1.922E-06 

1219  3.i)3_3fj-05  1.84U-J5  9.5A0F-06  6.A10E.-06 _ 3.377E-06  2.AA5E-06  2.739E-06 

1524  3. 55RF-05  2.215E-05  1.166E-05  T.896E-06  A.236E-06  3.375E-06  3.827E-06 


FLIGHT  NO.  36  FILTER  NO.  A 

PATH  RADIANCE  FROM  GROUND  TO  ALTITUOE (MATTS/ STER. SC. M  MICRO  M. ) 


•.LTHUOE 

Z.NITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

)3 

95 

ion 

1C5 

120 

150 

180 

>05 

1 • 25Rt-05 

7.005096 

3. 611E-06 

2.458E-06 

1.336E-06 

9.035E-07 

9. 133E-07 

610 

_ 2.30fcfc-_95. 

1.331E-05 

6..381E-96. 

_ Ai  t9A£-.0.6  .... 

Z.56AE-06 

1.757E— 06 

1.8226-06 

91*9 

3. 2O/r-05 

1. 9OOE-05 

9.939F-06 

6.810E— 06 

3.745--06 

2.613E— 06 

2.7T26-06 

1219 

A.02/E-D6 

2. A52E-05 

1.30UE-D5 

8.960E-06 

A.991F-06 

3.619E-06 

3.8A2E— 06 

152A 

4. 5836-05 

Z.H64E-J5 

1.538E-D5 

1.062E-05 

5.903E-06 

A.A37E— 06 

A.733E-06 

FLIGHT  NO.  86 

FILTER 

NO.  5 

PATH  KAOIANCE 

FROM  GROUND  TO 

ALTITUDE (MATTS/ STER. SC. 

r  MICRO  M. ) 

ALTITUDE 

zenith  ancle 

OF  PATH  OF 

SIGHT  (DEGREE 

S) 

METERS 

93 

';•> 

100 

105 

120 

150 

180 

305 

2.1A6G-06 

1.23AF-05 

6.2  00 1— 06 

A  .  169E-06 

2.122E-06 

1.3A9E-06 

1.325F-06 

610 

3.592E-05 

2.178E-C5 

1. 138E-05 

7.6A9E-06 

3.92AF-06 

2.A81E-06 

2.AA5E-C6 

91A 

A.805E-05 

3.0AIF— 05 

1.629E-05 

1.1 35E-05 

5.7AAE-06 

3.696E-06 

3.726E— 06 

1219 

5.706E-05 

3.763E-05 

2.079E-05 

1.AZ0E-05 

7.500E-C6 

A.93BE-06 

A.970E— 06 

152A 

6.336E-05 

A.35OE-05 

2.A59E-05 

1.705E-05 

9.132E-06 

6. 158E-06 

6. 186E-06 

6-43 


AZIMUJH  OF  PATH  CF  SIGHT  - 

FLIGHT  NO.  C6  FILUR  MO.  1 

DIRCCTJONAL  PATH  REFLECTANCE  FKCM  GROUND  TU  ALTITUDE 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  "(DEGREES) 

METERS  93  95  100  105 

305  S.550E-O2  4.4266-02  *  2.012E-02  1.262E-02 

_  610  1.4816-01 _ 7.479E-0?  _  2.3386-02  2.088E-0? 

914  2.440E-01  1.1836-01  5.147E-02  3.212E-02 

.  1219.  3..72.7.E-0A . U7«fc.T9A. _ .7OA1E-02  ...  4.5406-0? 

1524  4.987E-01  2.198E-01  9.081E-02  5.605E-02 


120 

5. 8276-03 
9.622E-03 
1.501E— 02 
2.1466-02 
2.629E-02 


ISO 

3.491E-03 
5. 6806-03 
9.210E-03 
1.370E-02 
1. 7416-02 


180 

3.830E-03 
6.0696-03 
9.9766*0/ 
1. 504E-02 
1.9596-02 


FLIGHT  NO.  86  FILTER  NO.  2 

_  _  DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUOE 

ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  IOEGREES) 

. METERS. . . .95. _ .1.Q9. . . 105. . . 

305  5.887E-0?  3.070E-02  1.424E-02  9.096E-03 

"914  1  •  500  E-01  U 5 106-02  3 1 365  6- 02  UlffcHtt 

. U19. _ AjlUAE-PA _ W.9?6f-9A . 9,.5A3J-C2 . .2..8506-02 _ 

1524  2.609E-01  1.232E-01  5.341E-02  3.3576-02 


120 

4.399E-03 
6.936EH03_ 
1.027E-02 
1.370E-02 
L .6106-02 


150 

2.8446-03 

4.38TE-03 

~6.594E-Of 

8.9926-0* 

1. 0666-62'" 


180 

"3. 2046-03 
4.8456-03 
7.3326-03" 
1.007E-02 
T.  2056—02 


FLIGHT  NO.  86  FILTER  NO.  3 

_ DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUOE 

ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


MFTfftS 

93 

95 

_ J.0.0. _ 

.  105 

120 

305 

4.008E-0? 

2.1166-02 

9. 8356-03 

6.220E-03 

2.8696-03 

fcio 

8.D83E— 02 

4.2326-02 

1.943 E-02 

1.2276—02 

5.7246-03 

914 

1.292E-01 

6.697E-02 

3.045E-02 

1.924E-02 

7.1036-03 

..uia 

1.749E— 01 

.. _ 8..95.7C-0A 

.  4. 059 E-02 

2.567E-0? 

1.2‘  VC-02 

1524 

2.214E— 01 

1.1186-01 

5.020E-02 

3.1836-02 

1.5396-02 

150  180 

1.658E-03  l .7966-03 

3. 484 E— 03  4.022E-03 

5.824E— 03  6.9876-03" 

8.229E-03  1.0006-0*; 

1.0906-02  1.404E-02 


FLIGHT  N0."86  FILTER " N"6V""4  " 

DIRECTIONAL  PATH  REFLECTANCE  FRON  GROUND  TO  ALTITUOE 

•XL'VlTUOE  . . . ZEN'lTH  A¥(JC¥'0#i">'A,r^"0"P"'S-!CTT"(OfGRFES) 

METERS  93  95  100  105  121) 

- Dos — 3'.To<sr-o7 - r."655r-"07 - rrrrerro - 5vo6if-o3 . 2.5336-03 

_  610  6.001E— 02  3.180E-02  1.494E-02  9.674E-03  4.8676-03 

*914"  8.H26E-02  4."657E-02  2. 181 E-02  1.416E*:6"2  7.200E-03 

. . UP. _ UP.7fc.--0A . 3..79.5E-92. _ Aj.89.1E-0/ _ lj  8806-02 . 9.619E-03. 

1524  1.428E--01  7.391E-02  3.428E-02  2.230E-02  1. 1416-02 


150 

1 .6006-03 
3.136E-03 
4.741E— 03 
6.482E— 03 
7.811E-03 


180 

1.801E-03 

3.6076-03 

5.5126-03 

7.669E-03 

9.4C8E-03 


.  FLIGHT  NO.  86  FILTER  NO.  5 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUOE 


ALTITUDE  .  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

METERS _  93 _  9.4  100  _  _  105  123 

305"  vVsblE-OZ  "'479136-02  2."237E-02"  '"l .404T-92  "6."466E-03 

_ 61 0  1.912E-U1  9 . 5  d  ?  E  -  0  4 _ 4.261E-0  Z  2.665 E-02  1 .227E-OZ 

914  3.029E— 01  1. 4626-01  6.3506-0?  3.958E-02  1.8356-02 

1219  4.290E— 01  1.9846*01  8.417E-02  5.2246-02  2.4296-02 

1524  5.746E-01  "  2.5316-01  1.0486-01  6.467E-02'  "3.0016-0? 


150  180 

3.795E-03  4.0936-03 

7.176E-0J  7.636t-03 

1.P96E-02  1.1756-02 

1.470E-02  1.582E-02 

1 .03  IE— 02  1.988E-02 


AZIMUTH  OF  PATH  OF  SIGHT  -  90 

FLIGHT  NO.  66 


ALTITUDE 


~  FirfWHOvr 

01 RECTIONAL  PATH  REFLECTANCE  FA  OH  CROWD  TO  ALTITUDE 


ZENitHANGLEOEPATHOFS  ICHYToEGREES) 


METERS 

93 

95 

too 

105 

120 

150 

305 

7. 5236-02 

3.984E— 02  ~ 

"  1.927 E— 02  " 

1.282E-02' 

"  6.8586-03 

4 .4446-03 

610 

1.334E-01 

6.861E-02 

3.219E-02 

2. USE-02 

1.102E-02 

7.2406-03 

914 

2.2S8E-01 

1. 110E-01 

5.041E-02 

3 . 282E-02 

1 .706E-02 

1 .1436-02 

-U19 _ _ UMJLzSJL. LOfiZI=fi2 

1524  4.792E-01  2.12TE-01  9.0146-02 


5.727E-02 


2.6786-02 


A22E-02 

,4771-01 


ISO 

3.690E-03' 

4.089E-03 

r.wFir 

1.5046H82 

T.W-lT 


FLIGHT  NO.  86  FILTER  NO.  2 

01  RECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 
ALTITUDE  ■  ZENITH  ANGLE  OFTaTH  OF  SF(^FTM6STF51 

METERS  93  95  100  105  120  150  180 

- 3u5 — -57446t~o2 — 2~.9o6E=o* — rxzfpni — xwifw — r.irsr-03  3.un-ot — r;iMnr 

_  610  9. 0026-02  4.715E-02  2.260E-02  1.498E-02  8.015E-03  5.537E-03  4.0456-03 

914  1.4076-01  7.1696=02  3. 3556-02  2.210E-02  i"HWE-<F2'  ~  6.192E-63  T7331E-fl(3" 

_ 1219  _ 2.002E-01 _  9.8736-02  4.5026-02  2.941E-02  1.54TE-02  1.080E-02  1.0C7E-O2 

1524  2.4976-01  1.193E-01  5.330E-02  3.452E-02  l'.785E-02  1.247E-02  "  1.2O5E-02 


FLIGHT  NO.  86  FILTER  NO.  3 

. . . D111£CIIJQNAL„PATH_  REFJLECTANtE. JERQR.syiCftWfi..ID.>lJI.TUB£.  . _  ...  .  . 

ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

METERS _ 13 _ 95. _ I _ 100. . -...105. . 120 

305  4. 15BE-02  2.243E-02  1.092E-02  7.146E-03  3.522E-03 

610  T.90BE-02 _ 4.232E-Q2 _ 2.042E-Q2 _ l*331£-02 _ 6. 83.71-03 

914  1.230E-01  6.507E-02  3.103E-02  2.041E-02  1.062E-02 

_ 1214 _ .1.6656— QL _ _a.674E.-02 _ .4.083  E-.QZ _ 2.6I4E.-0Z - -1.3946-02 

,  1524  2. 1206-01  1.0B5E-01  5.033E-02  3.2B6E-02  1.699E-02 


150  m  . 

2. 149 E— 03  X. 7*66-03 

-  4.5WE-03  4.022E-03 

7.585E— 03  6.9*76-83 

.  .  1. 0186-02 _ UM0E-J82- 

1.3076—02  1.4O4E-02 


FLIGHT  NO.  86  FILTER  NO.  4 

_ JUMCllfl  tiAL_£AT  H. .  RE  FJL  EC  TAN&E.  JE  RQK.5.RQJ^_J_Q.  ALUIUR-E . . 

ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

_ MfTgJlS _ 9  J  _  95  _ _100 _ 105 _  120  150  _  180 

"  305  2.583E-02  1.4166-02'  7. 172E-03  4 .'9234=63  2.0166-33  *  2.084E-08  '  *l'7*<)Tfc=63 

610  5.  ill E— 02 _ 2^7-B-4ErjQ2 _ l«395£-.gZ _ 5. 5291-03 . ?,445t;-03  AjJtt>Jr9.3...  3.6Q7E-03 

914  7.T41E— 02  4.1806-02  2.068E-02  1.407E-02  7.984E-03  6.0506-03  5.512E-03 

_ 1219 _ Jj.Q8AE.t5JI _ >f.UMzU _ -2j.«06f=9Jl _ Lv??AJ--^2___L.056E-02 _ T.*O?-0*„ _ _7_.66_9E-03_ 

1524  1.444E-01  7.557E-02  3.603E-02  2.398E-02  1.281E-02  9.474E-03  0.448E-03 


FLIGHT  NO.  66  FILTER  NO.  5 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 
■alYTTU6¥  z4NITHANGLEO4"piTH"0X"S"lG'Hlr(6fttft)r§yf - 


METERS 

93 

95 

100 

105 

120 

150 

180 

305 

'  8.4246=02'  ' 

4.444E-02 

2.1276-02* 

1.4016-02 

7.260E-03 

4.S01E-05 

4 .0*36-03 

610 

1.726E-01 

8.T96E-02 

4.0B5E-02 

2.660E-02 

1.360E-02 

8.87BE— 03 

7.6366-03 

914 

2.B00E-01 

1. '3696-01.' 

6 , 1656-02 

3. 9796-02 

2.019E-02 

1.32BE-02 

1.1756-82 

1219 

4.033E-01 

1.883E-01 

B.220E— 02 

5.233E-02 

2. 6326— 02 

1 .7276-02 

1.5*26-02 

1524 

5.470E-01 

2.426E-01 

1.028E-01 

6.5056-02 

3.21BE-02 

2. HOE— 02 

1.9*86-32' 

/o 


645 


AZIMUTH  OF  PATH  OF  SIGHT  «  180 

FLIGHT  NO'.  8*  FITTER  NO.  T 

J>I*eCTJONA(,  PAXH-B-SF^ECT ANCE_FROH  GROUND  TO  ALTITUDE 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT'  '(DEGREES) 


METER? 

93 

95 

TOO 

105 

120 

150 

1“0 

305 

7.4666-02 

3.969E-02 

1.935E-02 

1.297E-02 

7.034E-03 

4.746F-03 

3.8306-03 

— 

1.3216-01 

6.814E-02 

3.221E-02 

2.128E-02 

1. 122E-0? 

7. 3306-03 

6.0691  -0? 

914 

2.230E-01 

1.098E-01 

4.994E-02 

3.260E-02 

1.695E-02 

1.121F-C2 

9.976'— 03 

1.2 1 9. _ 

_ 

4.607E-02 

2.371E-02 

1.599b— 02 

1.904l-0? 

1624 

4.734E-01 

2.103E-01 

8.937E-02 

5.6966-02 

2.872C-02 

1.9B2E-0? 

1.9596-02 

i 


I 


FLIGHT  NO.  86  FILTER  NO.  2 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUOE 


ALTITUOE 

Z6N1TH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

_  9J.  „ 

95 

100 

105 

120 

159 

l-.C 

305 

5.343E-02 

2.863E-02 

1.416E— 02 

i.iVXF-oS 

5.j'9ie-63 

3.7416-03 

3.2046-0? 

610 

8.856E-02 

4.657E-02 

2.252E-02 

1.504E-02 

8.168E-03 

5.623E-03 

4.8451-0;* 

914 

1.386E-01 

7.073E-02 

3.321E-02 

2.196E-02 

1.1736-02 

8.9776-03 

7.332.-0! 

_ 1219... 

9.752E-02 

4.4576-0? 

2 .9206-02 

1.539E-02 

1.0656-02 

1.007t— 0? 

1524 

2. 4656— 01 

1.1796-01 

5.2796-02 

3.4276-02 

1.777E-02 

1.238F-02 

1.205r-0? 

FLIGHT  NO.  86 

FILTER 

NO.  3 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUOE 

ALTITUOE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

. HfcTLMS 

. . .93.  _ 

95 

100 

105 

120 

160 

IRC 

305 

3.251E-02 

1.761E-02 

8.717E-03 

5 . B39E-03 

3.138E-03 

2.164E-03 

l.796t-0 ; 

610..... 

..-6.151E-92.. 

_ i*_*22.F-0.? _ 

1. 7616-02 

1.1726-02 

6.269E-03 

4.4556-03 

4.022-0) 

914 

1.113E-01 

5. 8776-02 

2.801E-02 

1.853E-02 

9.826E-03 

7.1226-03 

6. 9876-03 

1219 

-l.J547E.-01.- 

8.047E— .02 

.  3.73OE-02 

2.491E-02 

1.3156-02 

9.6946-03 

l.OOOi-O? 

1524 

2.0076-01 

1. 0266-01 

4.7556-02 

3.119E-02 

1.6356-02 

1.2746—02 

1.4046-0? 

FLIGHT  NO.  86  FILTER  NO.  4 

. . flIil6C.TJJ3IUL.PATH.R£fLECIAIlC.E.lflDM..6AO.lWi}..J.0.1U.XJ.lW.E _ 

ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

_ J15IER}. _ W _ «. . l.qo. _ _ . 

303  2.679 E-02  1.477E-02  7.S7«-03  5.i4fE-63 

120 

3 .0636-03 
.5.6536-03 

100 

2. 2806-03 

4.3786-03 

100 

1.801E-03 
i.  60  76-0.“ 

914 

8.064E-U2 

4.3636-0? 

2.1676-02 

1.4796-02 

8.3971-03 

6.2256—03 

3. 9126-0.-! 

.. .  1219... 

.  —1  «.l9-8£.-0J _ 

..>•91.36-07  .... 

2.8066-02 

1.9556-02 

1.094.  -*!/ 

8.127F-C3 

7.669:-03 

1524 

1. 3496-01 

7.100F-02 

3.4266-02 

2.3086-02 

1.277—07 

!.622fe-03 

9.488.-0) 

-  - . .  . 

FLIGHT  NO."  86"  “ 

FILTER 

NO.  5 

• 

01RECTI0NAL  PATH  REFLECTANCE 

FROM  GROUND  TO  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

.  93 

35. 

100 

105 

120 

190 

1 

305 

.  8.3026-02 

4.4076-02 

2.I43E-02 

1.4306-02 

7.6696—03 

5.1986-03 

4.0936-0 > 

ulO. 

1.7I0E— 01 

8.756E-02 

112E-02 

2.7066-02 

1.417E-02 

9,3306—03 

7.636.-0) 

914 

2.T76E— 01 

1.3616-01 

6.1666-02 

4.0066-02 

2.0596-02 

1.359J-02 

1.175  —  0/ 

_ 1213 _ A.PlTErM _ _ 

_ _ >,.285.6-02.  . 

2.6706-02 

l.744r-02 

1.98/  -0' 

1524 

5.450E-01 

2.420E-01 

1. 0296-01 

6.3386-02 

3.2566-02 

2.1202-02 

1.988*  -0/ 

8*48 
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AZIMUTH  OF  PATH  OF  SIGHT  »  270 

- ^Tgwr-w>-  -re - FTcromo:  i - 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUDE 


'  ZENI T h'  angle '  dF  Pa’Th  " b> '  S YSfiY  T 06 g&E 6S  V 


METERS 

93 

95 

100  ■ 

105 

120 

150 

180 

T.wot-or' 

305 

7. 3406-02 

3.8416-02 

1.8166-02 

'*•  IV  1*8  2? -02  ’  ' 

5.933E-03 

3.827t-03 

610 

1.307E-01 

6.653E-02 

3.0676-02 

1.978E-02 

9.7846-03 
"1 . 5J4E-C2 

6. 144 E— 03 

6. 0896-83 ! 
"  9.97SF:rr 

*116 

2.227E-01 

1.084?— 01 

4.8411=62 

3759*6-02 

9.876E-05" 

1219 

3.4786-01 

1.6166—01 

7.0166-02 

4.467E— 02 

2.2376-02  ••• 

1.493E— 02 

1.504E-92* 
”1.9896-02  • 

1524 

4.7,30E-01 

2.092E-01 

8 . 822  6—02 

5.560E-02 

2.746E-02  . 

1. 8876-02 

=  j 

FLIGHT  NO.  86 

FILT6R 

NO.  2  r 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 

ALTITUDE 

Z6NITH  ANGL6 

OF  PATH  OF 

SIGHT  (DEGREES) 

...  METERS 

.  93.  _ . . 

. m.. _ 

105 

120 

150 

*  180  j 

305 

3.283E-02 

2.7946-02 

1.3476-02 

8.8S8E-03 

4.6076-03 

3.119E— 03 

3.2046-03 

.610 

8.7941^—02 

1.3866-01 

4.5696-02 

2.1596-02 

1.409E-02 

7.2156-03 

4.767E-03 

4.(456-03 

914 

6.9976-02 

3.2256-02 

2.089E-02 

1.0646-02 

7.103E-03 

7.332E-03 

1219 

_l.975E.r01  . 

9,6806-02  .  . 

._4.37.4E.rP2_ 

_ 2j.«23E.r Q2-— 

1.4436*02 

9.822E— 03 

1.0076-02 

1524 

2.462E-01 

1.171E-01 

5.1946-02 

3.329E-02 

1.6846-02 

1.1636-02 

1.2056-02 

,  -A'. 

flight  no.  86 

FILT6R 

:io.  3 

DIRECTIONAL. PATH  REFLECTANCE 

FROM  GROUND.  JJO.  ALTITUDE ..... 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

•  .7,1  v. 

„  MEIERS 

93 

.  .95... 

_ WO. _ 

.  105. . 

..  .  120 

150 

180 

305 

3.487E-02 

1.862E-0? 

8.9286-03 

5.796E— 03 

2.843E-03 

1.773E-03 

1.796E— 03 

610 

7.136E-02 

3-77  IF— 02 

1 -7AAF-C2 

1.156E-02 

5.724E-03 

3. 7366-03 

4.022E-QA 

914 

1 . 163E— 0 1 

6.066E-02 

2.8366-02 

1.833E-02 

9.173E-03 

6.241E— 03 

i  6.987E— 03 

_ 1213. 

_ I^.M4Ef-QL  - 

-JU22AE=02— . 

.JWLSE.-.02. 

_ _ .2j4736.r02 _ 

jl._25.Te.rOZ _ 

...8»956Er03. 

. tjp006r02. 

1524 

2.047E-Q1 

■  1.04  IE— 01 

4.787E-02 

3.100E-02 

1.5916-02 

1.243E— 02 

1.4046-0? 

FLIGHT  NO.  86 

FILT6R 

NO.  4 

DIRECT  ID NAL_PATH-REF-LKT_ANEE.JER.OM._GiftQUN.D  -_T.Q_  ALT  I. TUBE. ... 

ALT1 fUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

_ J5EIEA5 

_ ;>3_ . 

95 

1Q0  . 

105  -- 

120 

150 

180 

305 

2.684E-02 

1.458E-02 

7.2686—03 

4.9076-03 

2.646E-03 

1.783E-03 

1.8016-03 

.  610 

5.3396-02 

2.879E-02 

1.419E— 02 

9.5266-03 

_5.il9.E-03  _ 

..  3.484E-03_ 

_ 3.607E-OA. 

5.512E-03 

914 

8.059fc-02 

4.309E-02 

2.0986-02 

1.4036-02 

7.5396-03 

5.205E-03 

...  1219. 

_ 1.  lOlErOl _ 

5.8  2.9  tr  02 _ 

.j2jL81.0E.r02.. 

_ _ _lj-87.4E.r02 _ 

1.0136-02 

7.244E-0S 

T.669E-03 

1524 

1.367K-01 

7.146E-02 

3.40SE-02 

2.2616-02 

1. 208E-02 

8.923E— 03 

9.4886-03 

FLIGHT  NO.  86 

FILTER 

NO.  5 

DIRECTIONAL  PATH  REFLECTANCE 

FROM  GROUND  TO  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (06GRE6S) 

METERS 

93 

95 

100 

105 

120 

150 

ISO 

.305 

8.24BE-02 

4.323E-02 

2.047E-02 

1. 3336-02 

6.6356-03 

4.176E-03 

4.0936-03 

olO 

I.701E-01 _ 

8.6166-02 

.  3.9576.-02 

2.5486-02 

1 .253E-02 

7.776E-03 

7.636E-03 

914 

1..77OE-01 

1.3A6E-01 

5.994E-02 

3.8246-02 

1.8716-02 

1.172E-02 

1.175E-02 

1219 

3.9G6E_-0l 

1.853E-01 

8,0356-02 

5.0916-02 

2.489E-02 

1. 5826-02 

1.5826-02 

1524 

6.401E-01 

2.3896-01 

1.0086-01 

6.3426-02 

3.0896-02 

1.995E-02 

1.9(86-02 

6-47 


FLiGHT  87 

Starlight  before  moonrise.  Data  were  recorded  over  the  Gulf  of  Siam  approximately  8  km  south  of 
Rayong.  The  water  depth  was  approximately  20  m  (10  fm).  Oata-taking  started  at  1926  local  time  and  was 
completed  at  2037,  before  moonrise.  At  the  beginning  of  the  flight  there  were  high  cirrus  clouds  to  the 
north.  Near  the  end  of  the  flight  some  stratus  was  seen  along  the  beach  line  at  an  estimated  altitude  of 
1000  to  1200  m. 


6-49 
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i  1  iii  t  if .  »<7  r  1 1  ►  ii  m . 


1 1 f  ( «ja r t^/s ,;! r*v-»  * 


AL I i ruut 

iJUHN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(meters) 

WFLLING 

WFLl.MG 

'L8ED0 

DOWNWEIL 1  NG 

UPWELLING 

TCTAL 

albedo 

191 

«, /52E-06 

1.398L-JA 

.159 

1 . 708E  -,'5 

5.7880*06 

2.2f 7F-05 

.339 

481 

H.23/l:-U6 

1.345E-Q6 

.163 

1 . 572E  *r 5 

6.523F-06 

2.2E5F*05 

.415 

790 

9.109E-06 

1 • 250E-06 

.154 

1 . 581E -05 

6. 7558*06 

2.2'6F-05 

.427 

loei 

8.205E-06 

1.808E-06 

.220 

1 .604E-'  5 

1.035F-05 

2.639E-05 

.645 

1398 

rt.882fc-Cin 

1.499r-u6 

.169 

1.7?eE-l 5 

7.758F-06 

2.5C2E-P5 

.450 

1700 

8.38VE-06 

?.08lf06 

.248 

1.61 /E-  5 

1.045F-05 

2.6C1E-05 

.645 

ALTtTUDF 

DOWN- 

FlMHT  00.87 

IRRADU4CEIWATTS/S3 

UP- 

FILTER  NO.  2 
.M. MICRO  A.) 
SCALAR 

scalar 

SCALAR 

SCALAR 

(METERS) 

WELL  I  NO 

Wrl.L  1  4!. 

ALBEDO 

DOWNWELL ING 

UPWELLING 

TCTAL 

ALBEDO 

19? 

9.3906  -06 

1.477L-0A 

.157 

1.8A0E-05 

7.679F-06 

2. 6E7E-C5 

.413 

482 

9.1918-116 

2.425E-06 

.264 

1.802S-L5 

1 . 089F-05 

2.891E-05 

.604 

790 

9. 2196-Up 

1.662E-96 

.180 

1.820E-C5 

9 . 7718*06 

2.7S8E-C5 

.537 

ln8l 

V.6A5L-0A 

3.286E-U6 

.340 

1 . 916E  -t.5 

1,791? *05 

3.7C7E-C5 

.935 

1397 

1.001fc-05 

2.237t-0A 

.223 

1.986F-  -5 

1.152F-05 

3.138E-05 

.580 

1701 

9,74Hh-0o 

3.167C-0A 

.325 

1 . 904E-C5 

2.400E-05 

4.3r4F-r5 

1.260 

>  iiTunt 

DOWN- 

FMuHT  NO. 67 

IRRAOiANCEIWATTS/ST 

IIP- 

Fll.TER  NO.  3 
,M. MICRO  8.) 
SCALAR 

scalar 

SCALAR 

SCALAR 

(MtTEPS) 

WELLING 

WELL  1  40 

ALBEDO 

DOWNWEL  L I NG 

upwFlling 

TCTAL 

albedo 

190 

1 . 972E-05 

3 • 765fc-0ft 

.240 

4.1A4E-^5 

2.033E-05 

6.H7E-05 

.488 

482 

1 ,97/1.-05 

3.352t-0A 

.213 

3.283E-."5 

1.749F-05 

5.0A2E-05 

.531 

792 

1.92'>t -on 

3.523fc-0ft 

.231 

3.192E-. 5 

1 . 9J4E-05 

5.1E6F 05 

.606 

inai 

1.  /54t-05 

4.829c-0a 

.275 

3.644F-' 3 

3 .024E-05 

6.668E-05 

.830 

1396 

1 , 696E-05 

3.599E-.IP 

.212 

3.524F-T5 

2.199F-05 

5.723E-05 

.624 

1701 

1./69E-05 

4.649fc-0A 

.263 

3.56VE-  '5 

3. 058E-05 

6.6E7F-05 

.857 

altitude 

DOWN- 

TlIuHT  NO. 67  FILTER  »U. 

I«RAi1lANCE(WATTS/S1.M, MICRO  8,  ) 
IIP-  SCALAR 

SCALAR 

SCALAR 

scalar 

<mEte»S> 

WELL  INC 

WELLING  ALBEDO  DOWNWEL  L I NG 

upwelling 

TCTAL 

albedo 

altitude 

down- 

FlIviMT  NO. 87 

IKRAIliANCElWATTS/Sl 

up- 

FILTER  no.  5 
,H. MICRO  8.) 
SCALAR 

scalar 

SCALAR 

scalar 

imetersj 

WELLINC 

WELL  MG 

ALBEDO 

BOWNWELL 1  NR 

urwflling 

TCTAL 

albedo 

19? 

1.3286-05 

2.8306-06 

.213 

2.60VF-  .5 

1.035F-05 

3.645R-05 

,397 

48? 

1.3226-1,5 

2.2796-1)6 

.1/2 

2.682E-I  5 

1.253F-05 

3.9J5F-05 

.467 

791 

1 ,32/t-llO 

4.117t-0w 

.310 

2.612E-'  5 

1.3999*05 

4.0UE-05 

.536 

inei 

1.690E-05 

3.4B3E-36 

.219 

3 . 213E -«5 

1.963F-05 

5.175E-05 

.611 

1397 

1.404E-05 

2.52BE-0& 

.180 

2.779E-75 

1.228E-05 

4.007F-05 

.442 

1701 

1.647E-05 

5.9A2F-J6 

.362 

3 . 236E -r  5 

2, 973F*05 

6.212E-05 

.918 

FuluHT  NO 

.  87 

DIRECTIONAL  RcFLEI-TANCF  O 

background 

ZFNITH 

filt 

=  WS 

ANSI  t 

1 

2 

5 

3 

4 

93 

1.a17u4 

1.514E? 

1.571PA 

3.9?748 

99 

.72797 

1.44960 

.98526 

2,04687 

iou 

.5751,0 

.46141 

.4/349 

.58219 

10» 

.20323 

.3716  0 

1.04629 

.26428 

120 

,18675 

. 1345b 

.18716 

.22138 

1511 

.08641 

,08964 

.10805 

.13402 

180 

.0/900 

.08699 

.10338 

.12741 
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UaTI-  K)i2'*«  » LIGHT  -|J.  h  /  (iR'JUU)  LPVt-L  AUImJ!)!;  <  H.)s  KPa\ 

MUM,  riUL  S,ATTEW,!;fi  CW^ICIC«T  (PE-  HfcTt»> 


0 

l.?30t*94 

:.07it-o4 

.,0 

l.?26r-M 

1,0671  -0,4 

*1 

l.??2o-04 

!  .  0646-0.4 

l.?lBs-w4 

1.0606-64 

1?2 

1* ?l3e*u4 

i.057f-04 

t1’? 

1 1  ?  U  9  s  •  ti  4 

t.053r-o4 

1B3 

It?u86-.J4 

1.0r>0t  -04 

213 

1 1  ?o7r-o. 

1. 120-04 

2^4 

It4*2c-u4 

1 . 0866 -04 

2'4 

I.*i3«e-U4 

'7,8416-05 

303 

1 1  53*e-ii4 

7,6466-05 

•V <5 

l.ri31s«U< 

7.6231-65 

3*6 

1.481c-u4 

7.5981-05 

S’* 

1«344c*U4 

1.8651-05 

477 

i.?07e-a4 

7.8151-05 

437 

1 t l4?c-U4 

1.8931-05 

4”8 

1.12?r-u4 

9.9741-05 

513 

1.153s-u4 

*.97of -o5 

549 

1 1 155r-tl4 

i . COit-04 

5  79 

1.13*>--U4 

7.8541-05 

610 

1 . 1  ,i6--i)4 

7.2671-05 

6  s  0 

ltfi/8  =  -i<4 

6.3471-05 

671 

9.5.l3r-i/5 

3.6331  -05 

701 

8. 41*  J  :-g5 

6.9181-05 

73? 

9.0,n8s-g5 

7.2461-05 

76? 

9. 464::  - g  5 

7.1781-05 

79? 

9 1  h  1  7  -  -  g  3 

7.1781-05 

823 

9  t  tit-Kr  -*>3 

1 .0971-05 

853 

9#f»t'0«-si5 

7.1911-05 

384 

9 1  i*21*c-g3 

1.3431-05 

914 

9,*'.V0(:-1,S 

7 • 366! -05 

945 

9.3<t?*-g5 

7,24(11-05 

975 

9.?4H.--*,3 

7.1211-05 

1006 

9.?44r-9S 

■).7l  31-65 

10  '6 

9.34?c-g5 

5 , 5MI  -05 

10*7 

9.4.Mr-u5 

6.4171-05 

1097 

V.*,73r-U5 

6.2271-65 

1128 

9.161t.-05 

6.1851-05 

1188 

8.1.40..U5 

5.0681-05 

11»9 

8.9  9e-u5 

6.9841-05 

1219 

6.9,  0*  -u5 

6. 9681-05 

12K0 
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of  path  or 

SIP  T  ( DHiREfcB  > 

n*-Tf  *S 

VI 

v5 

too 

105 

IPO 

1^0 

i  80 

1f|3 

8.5pir- 

.01  4.4436-01 

l  .94yf.-ri 

-.189E-01 

4.743r-C2 

1.8756-0? 

1 . 4346-0? 

*l»t 

1 .V76T 

fu  v,n;7?-nl 

J.6B5f-ni 

; , poofc-oi 

8.639F-fP 

3.43f 6-0? 

? . 6436-02 

‘114 

3.27VF 

no  i..ijftE  nr 

5 ,  ll'Pf-Ol 

» .  'V3k-0l 

1.15aF-tl 

4.57fE-0? 

3.514E-0? 

1?XV 

5 . 350f 

(10  I.VlJftE  CO 

6.8POE-01 

3.9P9F-01 

1.490F-T1 

5.BO-E-0? 

4.431E-0P 

!**« 

7.ft8sr 

Ou  P.4 156  00 

3.?9nt-ct 

ft .  597E  -f'l 

1.756E-T1 

A.782F-0? 

5.1>.9f-0P 

r.I.‘MT  Mil 87 

f 11TER 

ftC  .•  4 

, 

UnEi.TIOll. 

,1  9j*th  ho- LfrTA 4C! 

L  fROM  OHOU 

v'l*  T  ALTITUDE 

r  ?  Tint 

Zl'Tt  IH  «*|f  LE 

Of  PATH  Of 

SIO'T  (DEORFES) 

MKT* NS 

v.; 

95 

100 

105 

12" 

150 

180 

3r? 
'■If. 
VI  - 
1?1" 
l**?*' 


r.  I  'llT  'HI.  a /  6  ILTl'R  VC  ,  5 

-iHfc.HOtAl  °.>Tm  HE- 1  EfTA'in-  *■  90*  URO'JNU  T  ALTITUDE 


1  I  Tl’I’c 
MFTFHS 

ZFMjrt,  «n(lF 
v5 

Of  path  OF  MG 
lffl 

•T  (DEORFES) 
105 

120 

150 

*  nO 

305 

6.46ir-oi 

3 .2  /,'6-(>l 

1,4336-01 

. B49E-0? 

3 1  /?6F - P  2 

1.6216-0? 

1  ,  ?  79c  -  0  P 

610 

P.iisr 

no 

8  *  5946-01 

.3,  JPRf— 01 

1 .V/9E-01 

d,ni4fc-r2 

3.38TE-0? 

?, 6 5 65-op 

41  4 

4.369r 

PU 

1.949?  OC 

5 , 4356-0 1 

•'.144E-01 

1.248C-ri 

5.179E-02 

4. 03  0  E-OP 

1?JV 

t.i’Otfr 

ft  i 

?.ril'6F  01 

B, 6646-01 

4..)l?E-0l 

i.8?9r-ri 

7.41C6-0? 

5.  7  3 PL  - - P 

l5?4 

1.634| 

fti 

4.1/,  6  .SC 

1.164F  PO 

'•  ,?67fc-0t 

2.3U6-P1 

9.?43E-0? 

7.135E-0P 

< 
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FLIGHT  881 

Starlight  before  moonrise  with  a  cloud  overcast.  Data  were  faf  -«red  over  the  Gulf  of  Siam  approxi¬ 
mately  8  km  south  of  Rayong.  Depth  of  water  was  approximately  2u  m  (10  fm).  Weather  was  described  as 
clear  with  some  clouds  at  60C  m.  A  thick  overcast  was  seen  approximately  30  km  south  of  the  flight  area. 
A  thunderstorm  with  bright  lightning  flashes  was  in  the  northwest  direction.  Data-taking  started  at  2111 
local  time  and  ended  at  2226. 
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FLIGHT  NOiSS  I  FILTER  NO.  I 

~~  ifisTOTAS^rwymTSBTiniaeRrNTr 


ALTITUDE 

DOWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(fflfmirr 

•  -SKCtfiG  “ 

. 

'"al6¥66 

■■eevwwiKwwweurnB  ™ 

TCfAL 

ALBEDO 

502 

9.0S3E-06 

1.689E-06 

.186 

1.8126-05 

1.469E-05 

3.281E-05 

.811 

'sYO'"" 

T.IfrT-TS 

3.’226E-06 

.274 . 

■  s.&raiRfc'™ 

T.wor-es  ■ 

4.3326-05 

'  .646 

1116 

8.836E— 06 

1.567E-06 

.177 

1.757E-05 

1.019E-05 

2.776E-05 

.580 

14X6 

9.435E-06 

1.856E-06 

.197 

T.9D3E-05 

8.854E-06 

2.789F-05 

•  465 

1707 

1.053E-05 

1.216E-06 

.115 

2.088E-05 

6.884E-06 

2.776E-05 

.330 

FLIGHT  NO. 8B  I  FILTER  NO.  2 

irradianceiwatts/sq.m.hTcro  H. I 


ALTITUDE 

DOWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCA!  AR 

fHEfEftSJ 

WELLING 

WELLi'NG 

ALRFDO 

DOWNWELL I NG 

UPWELLING 

TOTAL 

ALB600 

196 

1.1096-05 

3.111E-06 

.281 

2.899E-05 

1. 7296-05 

4.6286-05 

.597 

SOT™ 

T.oror-oir 

3.424E— 06 

'  .3-37 

2 .465¥-0’5 

2. 2336-05 

4.6986-05 

.906 

809 

1.216E-05 

4.288E-06 

.353 

2.818E-05 

2.429E— 05 

5.2486-05 

.862 

1116 

1.352E-05 

2. 8985-06 

.214 

2.498E-05 

1.911E-05 

4.4096—05 

.765 

1417 

1.018E-05 

2.569E-06 

.252 

2.679E-05 

1.1786-05 

3.8576-05 

.440 

1707 

9. 5236-06 

2.310E-06 

.243 

1.905E-05 

1.171L-05 

3.0776-05 

.615 

FLIGHT  NO. 88  I 


FILTER  NO.  3 


_ IRRAPIANCEIWATTS/SQ.H. MICRO  H.) . 

ALTITUDE  DOWN-  UP-  SCALAR  SCALAR  SCALAR  SCALAR 

_ muus—iksisa. _ — .mux . 

195  1.537E-05  4.325E-06  .281  3.752E-05  H.476E-05  6.228E-05  .660 

_ S 02 _ U5A?£=a5 _ _ <lZ1& _ - 4*286JL-o| - *MS 

810  1.675E-05  4.451E-06  .266  4.123E-05  2.718E-05  6.841E-05  .659 


..  1AUB _ JUAIAC.-.05. _ i.3JL2Urft6- _ U267 . .^TUB.-M....Z,JAJ&TS)i5.  6A4S41L-.05 . -.712 

1416  1.4751-05  3.8R1E-06  .263  3.145E-05  2.155E-05  5.300E-05  .685 

.,170.0 _ 1.A27E-05. _ a*628firP/  . >Z5A . .3.121E.-02— .2.«32a£7jJ5.....5jlA.4.«t.'05- . .146. 


ALTITUDE 
I  METERS  J" 

_ _ A25._ 

500 

308 

1116 

1416 

1706 


_ FLIGHT  N0f88  I _ „.FJLT§R  N0.„4 . 

IRRADIANCEIWATTS/SO.H.MICRO  M.) 

DOWN-  UP-  _  SCALAR  SCALAR 

WELLING  WFLUNG"™ALBEb6'  "DOWNWELLI NG  UPWELLING 


SCALAR  SCALAR 
TOTAL  ALBEDO 


FLIGHT  NO. 88  I  FILTER  NO.  5 

IRRADIANCEIWATTS/SG.M.MICRO  N.I 


flTUOfi 

DOWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

16X.GJRSL — HELL  U4C_  - 

.  .  WELLI.NG 

ALBEDO 

DOWNWELL ING 

UPWELLING 

TOTAL 

ALBEDO 

197 

1.1626-05 

2. 1706-06 

.187 

2.5416-05 

1.1 906- J5 

3.  7311.-05 

•  468 

502  ... 

1.407E-05 

2.991E-06 

.213 

3. 143E-05 

1.5436-05 

4,686  -05 

.491 

809 

1.2936-05 

2.4296-06 

.183 

2. 8255-05 

1.1486-05 

3.973L-05 

.406 

1116 

1.2806-05 

2.8325-06 

.225 

2.7576-05 

l.367-:-05 

4.1191-05 

.497 

1417 

1.2r9i-05 

2.415C-06 

.200 

2.4916-05 

1.0071-05 

3.4977-05 

.404 

1707 

1.2181-05 

2.6235-06 

.215 

2.5466-05 

1. 2786-05 

3. 6246-05 

.502 

!  i . .  FlTgHT  NO.  88  I 

1  DIRECTIONAL  REFLECTANCE  OF  BACKGROUND 
TEnTTH  . . . .  —  FILTf  PS 


ANGLE  _  l _  2  ■> 

'  93  5.93176  6.7902 6  3.76619 

95  _  1.55513 _  1.80693  __  1.58344 

100  '  .45891  ™  .77Z44  .47718 

105  .27270  .64826  .34030 

ifio  .T28fl  ”■  .30431 . 17591 

150  .68009  .06886  .09692 

-  - 136 - rOT555" - r07fl'4  "‘  .09482 


5.03326 

3.05918 

.72591 

.49964 

.27824 

.13313 

TI2929 
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DATE  101968 

FLIGHT  .60. 

88  I  GROUND 

LEVEL  ALTITUDE  (  N.I* 

28  IUP-1 

ALTITUDE 

TuTAL 

SCATTcRING  COEFFICIENT  (PER  METER 1 

—  —  -  ' 

(MEU-RSS 

FILTERS  1 

3 

4 

5 

0 

1.075F-04 

a. 0036-os 

5.538E-03 

4.678e-05 

'*  9.865E-05 

3>> 

1.0721-04 

7.976E-05 

5.6696-05 

4.662E-05 

9.832E-05 

61 

1.068F-04 

7.9508-05 

5.551F-05 

4.64TE— 05  * 

9.799E-05 

91 

1.06*8—04 

7.9Z3L-05 

5.532E-05 

4. 631E-05 

9.766E-05 

122 

1.0616-04 

7.897E-06 

6.5146-05 

4.616E-05 

*  9. 7345-05 

162 

1.057k— 04 

7.871E-05 

5.4951—05 

4.601E— 05 

9.702E-05 

183 

1.0540-04 

7.8448-35 

5.431E-05 

4.585E-05 

9.669E-05 

„.  213 

1.050>--U4 

7 .860E—05 

4236—05 

4.478E-05 

9.642E-05 

2*4 

l.OOlt.-J* 

7.76JF-0S 

5.246F-05 

4.310E— 05 

9.6346-05 

274 

1. -1286-04 

7.6256-05 

5.1466-05 

4.324E— 05 

9.382E-05 

305 

1.055k** 

7.553t-05 

5.i20E-05 

4. 334E-05 

9.353E-05 

335 

1. 0618-04 

7.5671—05 

5.075E-05 

4.4066-05 

9.133E-05 

3*66 

1.052;>  14 

*  7.45  If— 05 

5.0987—63 

'  4.317F— 05 

8.991 E- 05 

396 

9.975C-05 

7.3942-05 

5.092E-Q5 

4.290E-05 

8.9626-05 

427*  " 

’  9.7716-05 

7.3093-05 

5.0946-05 

4.181E-05 

8. 933E-05 

457 

9.6545-05 

7.392c-05 

4.999E-05 

4.152E-05 

8.9416-05 

488 

9*.  5l0t -05 

7. 5666-05 

5.028E-05 

4~.0'91E-05 

8.955E-05 

9.235C-63 

7.3826-05 

4.988E-05 

4.063E-05 

8.905E-05 

549 

9.0078-05 

7.209F-05 

4.9582-05 

4.061E— 05 

8.901E-05 

579 

9.065'— 05 

7.316c-05 

4. 9499—05 

4.045E-05 

8.844E-05 

610 

9. 0456-05 

7.334E-05 

4.9836-05 

4.0376-05 

8.650E-05 

_ 640_  . 

_ 8.99 7 £-95 

....  7.2730-0,5 . 

_4.993_--.95 _ 

_A*.0JMEr.G5_ 

__  1*831 fc.ft5_ 

671 

8.9112-05 

7.2646-05 

4.9256-05 

4.038E-05 

8.831E-05 

701 

8. 845r— 05 

7.1915-05 

4.844E-05 

4.051E— 05 

0.8236-95 

732 

8.6036—05 

7.142E-0S 

4. 8276-05 

4.057E-05 

a. 8826-05 

_ ?A2 _ 

3.768^-06 

7.1166-C5 

4.823F-05 

4.077E— 05 

8.8256-05 

792 

6. 8372—05 

7 .0436-05 

4. 805E— 05 

4.087E-05 

8.678E-0S 

823 

8.7195*65 

_ 6.9852-05  _ 

4.8386-0> 

-l.04ifc.05__ 

8. 5686-05 

e33 

8.6965—35 

6.929T-05 

4.ai3r:-05 

4.028E— 05 

8.527E-05 

...  ,  884..  ... 

3.69o,-05 

6.8616-05 

_*,.  833.F-.35 _ 

4.03R6-05.. 

...8,171E-.05. 

914 

8.6465—03 

6.753t-35 

4.B02E-05 

3.99BE-05 

8.409E-05 

945 

tJ.683r-95 

o. 683E-05 

4.826E-05 

3.9846-05 

8.4 18,6-05 

976 

8.645.-03 

6.739-05 

4.7E1E-05 

3.9936-95 

3.3686-05 

1006 

8.702c-l  5 

6.839E-05 

4.7646-05 

3,9.636-05 

8.343E-05 

1036 

3.666c— 05 

6. 8616-05 

4. 777C-05 

3.942E-05 

8.365E-05 

.  1067 

3.585s— V5 

6.781E-05 

4.746E-05  . 

3.935F-C5 

8.337.E-05 

1097 

3.4056-05 

6.703.— 05 

4.664 fc-05 

3.892E— 95 

8.2116-05 

1128 

8.344i.-C)6 

6.707: — 05 

4.634E-05 

3.8746-05 

8. 194C-05 

1158 

3. 3695-05 

6.5212-05 

4.636E-05 

3.876E-05  *“ 

8.052E-05 

_ 1133 

jbjaiA 

_ 6.t45J>5.-95_  . 

_4,.617E-QJ> _ UAIlfcSJL- 

1219 

3.396!— 05 

6.3950-05 

4.602C— 05 

3.897E-05 

7.7606-05 

1250  . 

8.4G5r-05 

6.425-.-03 

4.5320-05 

>.8796-05 

7.775E-05 

XZ80 

8. 2005—05 

6.40PE-05 

4. 507E-05 

J.867E-05 

7.8036-05 

1311 

8.0875-05 

o.374;  -05 

4.4751  -03 

3.8636-C5 

7.792C-C5 

1341 

■  7.989:  -05 

6.415C-65 

4.4476-05 

3.8676-05 

T.736E-05 

1372 

7.956.—05 

6.?95t,-05 

4.4461  -05 

3. 8416-05 

7.T36E-05 

1402 

7. 843.-05 

6. 229 '.--05 

4.45CE- 05 

3.839E-US 

7.593E-05 

1433 

7.717--05 

o.l 876-05 

4.335F-05 

3. 31 IE-05 

7.5286-05 

1463 

7.O5B.—05 

6.2116-05 

4.350,-05 

3.8011—05 

7.4906-05 

1494 

7.610c— 05 

6.2021 -05 

4. 3236-05 

3.3016— (.5 

7.470F-05 

1524 

7.63*;  -03 

6. 177*-05 

4.352E-R5 

3. 771E-05 

7. 3216-04 

1554 

7.606.-05 

6.1706-05 

4.301E-05 

3.748L-05 

7.1066-05 

1585 

7.671.-06 

6.209.-05 

4.  337E-0S 

3.7246-05 

6.943L-05 

1615 

7.619;  -05 

6.136  — nP 

4.3256-05 

3.705L-C5 

6.9096-C5 

1646 

7.6151-05 

6.l22-.-*'5 

4. 3326—05 

3.68HF-05 

6.8676-05 

1676 

7.024* -05 

6.099:-,  5 

•.3335-95 

3.661C-0S 

6.0746-05 

1707 

7.  563":— 05 

6.078  —05 

4,2526-05 

3.6496-Oj 

7.0136-05 

1737 

7.538  -05 

6.057  -.5 

4.249.6-05 

3.637F-C5 

6.990E-05 

1768 

7.6135-05 

6.071.-05 

4.  2  346-05 

3.625L-C5 

6.9666-05 

1798 

7.483:  — *'S 

6.051*  -03 

4.2280-05 

3.613fc-<;5 

6.9431-05 

1829 

7.463., -95 

6.031.-95 

4.2066-05 

_  3.6016-05 

6.920C-05 

FIRST  DATA 

ALT. 

/ 

6 

7 

i 

LAST  DATA 

ALT.  67 

L.fi 

38 

36 

57 

t 


_  _ FLIGHT  NO.  8S  JL  FILTER  NO.  1 

BEAM  TRANSMITTANCE' 'FROM ' GROUND  TO  ALtTTUOE 


ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (OEGREES) 

METERS 

93 

100 

105 

120 

150 

305 

.5388744 

.6921407 

.8313654 

.8834590 

.9378730 

.9636456 

613 

.3010449 

.4927715 

.7010286 

.7879529 

'".8839437 

.4312541 

914 

.1754306 

.3620991 

.6005804 

.7102935 

.8377194 

.9028195 

1219 

.1028332 

.2687224 

.5170850 

.6424237 

.7952819 

.8761245 

1524 

.0616748 

.2035043 

.4497449 

.6650141 

.7576636 

.8519531 

fli 

GHT  NO.  8J  I 

F.lLTtR. 

•10.  2 

BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUDE  ZENITH  ANGLE  OF  PATH  Of  SIGHT  (DEGREES) 

METERS  93  '  100  "  '  1C3 . .  X?0  ISO 

305  .6JP5069  . 7599491  .371293?  .9117062  .9532776  .9727524 

610  "  .4047154  .5a66233  .7.:51335  .8355961  ,9112182  .'9477373 


914 _ £2*2.4667  _  .4578991  .6756737. 

1219  . 172754U  .3624??*  .6008494 

. 1.524 . aU52940  .2907243  .5579178 


.7607167  _ ,  872.7066  _  .9244007 

. 7105069'  .8378497  .9029006 

.6596759  .3Q62665  *8830909 


_ aiGHT-tlP«-mj _ FJLLJL  -LUO. _ 3. 

BEAM  TRANSH17TANCE  FROM  GROUND  TO  ALTITUDE 


ALUTUOE _ ZENIT  KJUiGUE. XIF. .PATH _  OF.S  1GHTLQE GREE.S ). . .  - 

METERS  93  95  100  105  120  150 

305  .  .7269810 _ .,8.271.60.3-. _ .9.091540 _ .9380993 _ .9674643.  .  _  ,98 108.43— 

610  .5377186  .6936518  .8322760  .3641081  .9382296  .9638572 

914  .3994208  .5852389 _ >JtA2ZbX-  ...  .£349315 _ .9108430  .  .9475120  _ 

1219  .297623/  .4962772  .7035274  .7893361  .8850366  .9319188 

_ 152* _ —.2233461 _ 424387J _ .650.7691  ...7495894  .8613560  .9174659 


_  „  .  -  ..FI  I GHt-NlU-aaU-, FILTER — 0.— 4 - - —  -  - - - -  - 

BEAM  TRANSMITTANCE  FROM  GRGUNO  TO  ALTITUDE 

ALTITUDE _ ; _ zaumJWSL2.H6.-PMH.  GF-S IGHT  .lOJESSEESJ . . . 

METERS  93  95  100  105  120  Ibt 

...  305  .7660121  .$533100  .«34680 _ .947983.2 _ ...97.2J.274  .  ..  .  .9841622 

.  410  .1963089  .7372818  .8581515  .9024567  .9482591  .9697924 

914  -.4411439  ..6400011 _ _  .« 7993191 _ _ tSiflRjWX _ .9251562 _ .9560801 

!  1219  .3643564  .5578589  .7460674  .8215682  .9032673  .9429540 

! _ 1524 . -JL215124.Q.. _ ..*3.71477. _ ...6974.324 . .7.852386  .  ,8823662  .  ..,9302943 


_ FLIGHT-  NO.  -88  1, _ _ E.I L I FR.  NO.  5 

BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUDE 

~T 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

;  ’meters  ' 

Ti 

95' . 

"”'100  ' 

'  105 

120 

150 

30S 

.5663051 

.7128967 

.8437865 

.8"',2932 

.9427159 

.9665154 

1  610' 

"  73309311 

.5210033 

.7209073 

.8028747 

.8925695 

.9364901 

_914 _ 

.1943683 

.3842387 

.6187385 

.7246310 

.8464303 

.9082277 

1219 

.1162377 

.2882340 

~ . 5356002 

.6577676 

.8050584 

.8823267 

1524 

.0711403 

.2206037 

.4633308 

.6011261 

.7683943 

.8588988 

180 

.9684384 

.9401828 

.9152701 

.8917858 

.8704386 


180 

.9763593 

.9545775 

.9341877 

.9153413 

.8979735 


180 

,9835976 

.9686225 

_ ..9543809 

.9407639 

.9281153 


l  >.0 

.9862694 

.9737859 

,9618504 

•9504C38 

.9393435 


163 

.9709356 

.9447590 

.9200165 

.8972505 

.8765811 
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FLIGHT  NO.  ea  t 

F1LT6P. 

fiO.  1 

PATH  RAHIANCF 

FROM  GROUND 

Tn 

ALTITUDE ( WA  TTS/STFR.SG. K  MICRO  M. ) 

ALT  I  rUi'r 

z  :nith  anui. 

,3 

OF  PATH  OF 

SIGHT  (DECREES) 

•»hT.RS 

'■*5 

10G 

105 

120 

150 

180 

.Iu5 

1.4311-06 

9. 4176— 07 

4.9306-07 

3.  £096-07  , 

1.380007 

5.771E-06 

4.4786-08 

•UO 

2  .  I9‘fi  —06 

1. 970K-06 

8.  1336— '’7 

5.900007 

2.609E-07 

1.103E— 0? 

8.5776-08 

»14 

2.*,47=-Oo 

2.14UE-C6 

1.268C-06 

3.655E-07 

3.920E-07 

1.6806-07 

1.3086-0T 

l  -IV 

r  •  •j39I:~06 

2.333006 

1.4636-06 

1.024E— 06 

4.7776-07 

2.087E-07 

1.633F-07 

15.:4 

•>.697*:-06 

2.3276-06 

1.9726-06 

1. 1286-06 

5.4S4E-07 

2.413E-C7 

1.8976-07 

FLI 

CHT  NO.  36  t 

FILTIa 

NO.  2 

PATH  kAOIAnCk 

FLOP  GROUND 

TO 

ALTtTUOECMATTS/STEft.SO.H  MICRO  H.  5 

ALTtlU'F 

'  ZCNITH  ANoLfc 

OF  PATH  OF 

SIGHT  .(066REE.S). 

*V.  T  P.S 

3J 

'J*5 

100 

105 

120 

150 

160 

i  5 

1.6666-06 

X*0o7»*“0o 

9.4T4C-07 

3,5445-0.7...  .. 

1.5,266-07  .. 

A. 2616-06 

4.751E-0R 

MO 

2.7190  JA 

1*  876*. -06 

» . 0206-66 

6.7486-07 

2.999F-07 

1.2176-07 

‘■.2336-06 

m 

'.3ii»r-:>6 

0U7i.“  Go 

1.493L-06 

.  9.,79jtE-07 _ 

4,3.856-07 

.„.l,#21E-07.  . 

1,3846-07 

1219 

J.797--06 

2.l*73.:-06 

1.734076 

1 . 193E-06 

5.459E-07 

2.307F-07 

1.763F-07 

19-4 

3.  7301—06 

i*0l7H-06 

1.9146-06 

.  UMte-rSH..  . 

6,267007 

2.6866-07 

2.061E-07 

ru  .Hi  mo.  or  i 

FILTER 

‘.’0.  .3 

- 

PATH  RAOIANO  HU*  JROU.MO 

ft.  ALTITUDE! Wt  TTS/STOU. CU. F 

MICRO  N.l 

ALTJ  IU’  E 

l  :.N  1 1  H  AnGL 

'  OF  PATH  f.F 

SIGHT  CD66:;EES) 

9  STEMS 

V  9  49 

10J 

135 

120 

150 

130 

Vi  5 

1.664*  -Oo  l»'»38r— 06 

*• 199F-07 

3.3265-07 

1.3936-07 

5.5546-08 

4.222L— Ob 

ft 

.10 

2.66400*  1.848006 

9. 7446-07 

6.3186-0? 

2 .6746-07 

1.0696-07 

8.1326-08 

v!4 

3.8?9l-.'6  2.595P-0O 

1.4)26-06 

9.206E-07 

3.0416-07 

1.579E-07 

1.201007 

.x. 

1719 

4.4735-06  1.154.-16 

1.7o6L-A  > 

l  .1746-06 

5.0C7E-07 

2.0466-07 

1.557F— 07 

“ 

1J.-4 

4.69S6-C3  3.451:-.U 

i. 0006-06 

1.3546-06 

5.958E-07 

2.4196-07 

1.844E-01 

FLU-HT  ,-,0.  3.'  1  F1LI'.  >  NO.  4 

PATH 

lAOlANCF.  FROM  ;V!U*N>  T..  ALT1TUL'6(WATTS/STEA.SG.M  MICRO  M,| 

ALT  1 1  Ui  fc 

15MTH  ANuLL  OF  PATH  OF  SIGHT  I9(  GKS*S) 

plt*ku 

5  3  9C  TOO  10?  120 

150 

1  HO 

;  >5 

tin 

/U 

U‘13 

1974 


FLI 

o*IT  NO.  S3  ! 

Fill*.- 

NO.  5 

PATH  ,<A'.  1ANCE 

FROM  GROUND  TO 

ALTI TUfielWATTS/STEU.SW.F 

MICRO  ?.) 

ALTITUDE 

/.IMTH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

M*.TtK.S 

03 

,5 

10-J 

105 

123 

15'» 

l,v<5 

305 

1,  4974-06 

7.7339-07 

3.0266-07 

3.2  596-07 

1. 4126-07 

6.0J8t— 08 

4.7222-08 

t.10 

2.565036 

1.7836-06 

9.8336-07 

6.522  00? 

2.892E-07 

1.242E-07 

9i 6966-08 

■n<» 

3.0336-06 

2.2746-06 

1.335E-06 

9.O73E-07 

4.1306-07 

1.8026-07 

1.4116-07 

mv 

,'..2736-04 

2.600F-06 

1.615E-06 

1.121E-06 

5.228  00? 

2.308E— 07 

1.8106-07 

1524 

3.2576-Ou 

2. 7776-00 

1.7896-06 

1.2706-06 

6.067E-07 

2.7166-07 

2.139E-07 

-  - 

«.  • 

- 

g 

% 
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FLIGHT  NO.  8tS  I  FIkfp*_MO*_JL  __  _ 

DIRECTIONAL  PATH  REFLECTANCE 'FROM  GROUND  TO  ALTITUDE 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


METERS 

93 

95 

100 

105 

120 

150 

ICO 

305 

9.183E— 01 

6.7051-01 

2.0516-01 

1.256E-01 

5.0896-02 

2.071E-02 

1.599E-02 

Alt 

2.5266  00 

1. 1026  OC 

6. 358E-01 

2. 590E-01 

1.019E-01 

4.097E-02 

3. 1556-02 

916 

_ 5 .6 1.2  E  00.. 

2.066E  00 

7.305E-01  6.216E-01 

1.618E-01  _ 

_6>63.5.E-02  ... 

6.963E-02 

1219 

9.567E  00 

2.966E  00 

9.783E-01 

5.516E-01 

2.078E-01 

8.239E-02 

6.3336-02 

1526 

us.ue.fli.  . 

3.9556  00..  . 

U209.G_.Q0_. 

6. 6Q6G-01 

.2».67.2G-Q1 .  ... 

.  9».795Gr.O?. _ 

7.539E-0? 

FLIGHT  NO.  8£  I 

FILTER 

NOj  2 

DIRECTIONAL  PAID  REFLECT AMCE 

FROM  GROUND  TO  ALTITUDE 

ALT  1 1  DUE 

ZFNUH  ANGLE 

OF  RATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

95 

100 

105 

120 

150 

180 

305 

7.633(;-01 

•;.979E-01 

1.7806-01 

I.I02E-01 

6.5376-02 

1.826E-02 

1.3798-0? 

olO 

T.diYe  00 

9.0tDh-(ll 

3.779E-01 

2.288E-01 

9.200E— 02 

3.639E-02 

2.741C-0? 

916 _ 3.7896  00  . 

_1  .570?.  00 

6.092E-C1 

3.6UE-01 

_U.626frJLl.___ 

_5j5_e.2E.-02  __ 

6. 198E-02 

1219 

6.154E  00 

2.266C  00 

8.179E-01 

6.756E-01 

1.966E-01 

7.261E— 02 

5.457C-02 

.1526  . 

_ 9*1.835.-9.0... 

2..961T  oo 

U0O86  00 

5.7.606-01 

2.202E-fll_ 

8.419E-.Q2.  ... 

6.503E-P2 

..  _ _ _ Ei_UHr.NO..  88.  .1  _  .  _ _  __  - 

DIRECTIONAL  PAlh  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 

ALTIU  E _ _ „.l£.»aim.AftGW ..0F..PAIH_OF  SIGHT.. (OiGREEU . —  . 

HETERS  93  95  100  105  120 

. Jfl 5 _ A*fej tSf^QX _ ILcSMkrO.I _ UiA9£-ftl _ 7.*2A6£:rfl2 _ 2*9.8311-02 

610  1.088E  00  5.504F-01  2.393E-01  1.461E-01  5.826E-02 


1219  3.072E  00  1.299E  00  5.131E-01  3.038E-01  1.175E-01 

1 .52.4 _ 4.2D5E..QQ _ 1.660fc  QO - 6..3fl6fr‘U _ 3u*6alt-ftl . UAlAtrfil 


150 

_U157ErA3.. 

2.266E-02 

.U404E-02 

4.487E-02 

5UA8E-02 


180 

.8.7726-03 
I.716E-0? 
_2»£7 2fc“ 
3.3826-82 
A.000E-02 


-  -  - . . . ELIlihT._NP..  .8.8.  J _ _ FILIEtUlOkA _ _ _ 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 

ALTITUDE . . . Z E_N I T H  .ANGLE .  OF.  PATH. 0.E  JSISWt . .(PSOREE.SL. .. 

NETFRS  93  95  IDO  105 

105 
610 
916 
1219 
1 626 


ALTITUDE 

FLIGHT  NU.  38  I 
OIRECTIUNAL  PATH  REFLECTANCE 
ZENITH  ANGLE 

FILTER  NO.  5 

FROM  GROUND  TO  ALTITUDE 

OF  PATH  OF  SIGHT  (DEGREES) 

- - - 

- - - 

...  - 

METERS 

93 

95 

100 

105 

120 

150 

180 

305 

7* 159E-01 

3.A94E-01 

1.6I2E-01 

9.877E-02 

4.050E-02 

1.689E-02 

1.315E-02 

610 

2. 0966  00 

9. 2808-01 

3.6S8E-0* 

2.1976-01 

8.7olE-02 

3.588E-62 

2.775E-02 

916 

U220E  00 

1.600V  00 

5.C-.6E-0I 

3. 3866-01 

1.320E-01 

5.366E-02 

4.146E-0? 

1219 

7.6Z7E  00. 

<•.4 3 VC  00 

8.153E-01 

4.6I0E-01 

U756E-01 

7.073E-02 

5.4566-02 

1526 

1.2£8E  01 

3.3436  00 

1.0336  00 

5.712E-01 

2.1356-01 

8.556E-02 

6.5986-0? 

FLIGHT  8811 

Starlight  before  moonrise  with  scattered  clouds.  The  location  for  this  flight  was  a  valley  about  40  km 
east  of  Rayong.  The  terrain  was  relatively  flat,  cultivated  (but  not  with  rice  paddies),  and  interspersed 
with  small  tree-covered  knolls.  In  addition  to  the  scattered  clouds  at  600  m,  there  was  an  overcast,  140  km 
to  the  south  and  thunderstorms  were  seen  in  the  northwest  direction.  Data-taking  started  at  2242  local 
time  and  ended  at  2332. 


al  1 1  rum- 

PUPS* 

f  1  iHT  Nil. 118  1  1 

ikraihoncfcwatts/si 

IIR- 

FILTER  NO.  ! 

,M, MICRO  ► . > 
SCALAR 

Scalar 

SCALAR 

SCALAR 

<MfcTFOS> 

WHLLINf, 

taFl  LI  'll. 

ALRfcflO 

POWNWtlL  INC. 

IIPWFIUNG 

tctal 

ALHf  no 

77« 

«•.>*>  U*-6< 

9.46.11-07 

.133 

1.6->4E-.  5 

5.7S5F-06 

2 . 2!3?-C5 

.345 

107? 

/•XH/I  -{!<. 

1 .  iunt-i’o 

.143 

1.466?-  5 

5.463F-06 

2.0C4F-05 

.375 

1388 

v#ohi  *  -1.*. 

1./I31-- u«. 

.103 

1.85/?-  8 

1.043F-05 

2.9C0F-PS 

.561 

1707 

*,h<**t  -bi. 

1 . 1  R*>f-  -  I’f 

.103 

1  .383?--  6 

6.586F-06 

2.041F-05 

.4/6 

ai  rimoL 

P-ikl,- 

r.  iunr  Mii.rR  1 1 

1  «F  .  .I«9('F(m/T1S/S  ) 

UR- 

r  1 1  U  R  HU  . 
.M.-IICRO  ►.  ). 

scalar 

SCAI  AK 

SCALAR 

scalar 

(McTFRS> 

MHL  |N( 

Wf|  Ll 

AI  PLC'O 

IfOWM'JtlLiN^ 

UA’WfLL  I NC 

TOTAL 

ALHtOO 

78fi 

So*>cU  -1*. 

1  ii»9t!L*oft 

.1/8 

! .975?-  5 

9.431F-R6 

2 . 8 /8E-05 

.487 

1  n  7? 

f* ,  *>7.)fc-bi» 

4,31  i»r  -  .V 

.503 

1.748?-  5 

1.535F-05 

3 . 2?  3E-05 

.878 

1  <87 

v.oO^-t** 

?  »  ">  *t\ 

.220 

1.9?/?-  8 

1.233r-88 

3.210F-C5 

.624 

1706 

*  « \)Sot  - Ot 

1  .QfWhOh 

.245 

1.682?-  5 

9 , 7861  -06 

2.6C1F-05 

.582 

r.luHT  Nil. 88 

1 1 

FlLTtR  NO.  ■ 

I"KAillA4(  F(W4TT!>/S1 

.8,  MICRO  8  . 

AI  Cl  |"Dt 

OuRN-  iir- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(MFTFMS1 

nfcLLlNO  U.'ILIII, 

At  PL  no 

nOHNUfcLLINN 

IJPWFLL  INI. 

TCTAL 

ALUtnn 

779 

1.4/8? -b*.  J.O0'it-O6 

.203 

3.M3?-  5 

2.150F-O5 

5 , 2?  3? -0  5 

•  686 

1071 

1 . 47*H  -0<>  4.35lr-i'6 

.  ?95 

3.041?-  5 

? . 2l 0F-05 

5 . 2* IP -C  5 

.727 

1388 

1.62/8-08  4.008L-llf 

.246 

4.60/R-  5 

2.645F-95 

7 . 2! 2?*05 

.574 

1706 

1,3786-06  3.281R-L6 

.232. 

2.912?-  5 

1.935F-05 

4 , 8<  7F- 05 

.664 

r.ijiir  '111.11R 

1  1 

4  t(  TIP  MU.  •' 

t«RA  I|  /. 'll  R(WA  1 1’j/S  J 

.H. MICRO  f  .  ) 

AL  f  ITUIIC 

DOKfj-  »ik- 

SCALAR 

scalar 

SCALAR 

scalar 

(MfcTFDSI 

wHUNr-  WfILIIfi 

ai  ntno 

DOWNUbl  |.  i  N’J 

IIPWELL I NG 

TCTAL 

AL8?0CI 

/;« 

1071 

iiaa 

i?n? 


r.  I  imt  N'i.rH  1 1  r  1 1. ter  mu. 
HK4,m, ■4c?(n*rrs/s').f*."irRn  * . ’ 


A*  T  »  T »  p ► 

puNf  <• 

ut'- 

SCALAR 

Scalar 

scalar 

scalar 

(  Mr  t  miS  * 

Kill  ]  Nl. 

wn  1  1 4i. 

Ai.nl  M 

nnwNRfcL  1  1  ns 

iipwei.ling 

TOTAL 

ALH?nn 

f  /** 

*  .  l?»  »  •(.« 

fi.  fM/r  -•>*. 

.186 

2.28/r-  5 

1.089F-05 

3.3/55-05 

.476 

1  V 

A  ,  ]  7  •  C  • 

.1/4 

2.408?-'  5 

1.125F-05 

3.530C-05 

,468 

1  t**i 

1  ,  Ih'tt  •  *  » 

1  4/t 

.I'M 

?.37«?-  5 

1 . 128F-05 

3.5C6F-05 

.474 

\  /u»* 

. .  in  0  -1 » 

>.n»>  \i  t* 

.  1 88 

2.245E-I 5 

1.060E-05 

3 . 3C5?  *05 

.47? 

r . ijMf 

10,  88  [| 

1  *1  1 

,  •  ■  * .  *<  \  • 

.  lA'.CI  Cl 

"A3<G«0  nin 

7.  sl  t  < 

• 

il  r -ns 

AN'U  1 

1 

2 

b 

3 

4 

»  1 

*»  *  1  k  \ «  1 

5,6Sn9 A 

3.87437 

6,00634 

9  9 

\  t  *  •» '»  j  *1 

8.31  »'.n 

2.3821? 

3,4?467 

1  O' 

**4\ 

,41814 

.3420* 

.36297 

107 

♦  1 i >*4 

.  ?".il'. 

.2132? 

.21615 

I/' 

» ll  '<  'J  1 

.16631 

. 15306 

.15783 

lb  1 

♦  1 '  r\/ 

.10/15 

. 12779 

.12906 

IAu 

.( M  ft 

,08448 

.1166» 

.11631 

IUTk  1019"«  > LIGHT  Xu,  88  I  I  GROUND  LEVEL  ALTITUDE  <  H.)»  44 

(lieTEHS)  ML. IRK  TfAL  S^TTEPIAG  COb'FlrtFNT  (PE-  METER) 


0 

a. 547 r-uft 

6.798F-05 

so 

8. ft  19--U5 

6,7761-05 

A1 

8#490ftf5 

6,7535-05 

«1 

ft  #  4  ft?c* 

6,73ll-05 

t?2 

8 » 4*ts4^«u5 

6 , 708r  -05 

152 

6* 

6.6B6E-05 

1«3 

8  *  3 1 8r • u5 

6.664F-0S 

213 

9.64ll-fl5 

744 

6. I*?-:-.,  ft 

9.6191 -05 

274 

ft  #  c>r  c*vft 

6.597F-04 

11 5 

f'4p^7r*u5 

6.575F-05 

JOl 

ft.?i9r*uft 

5.554F-05 

316 

5 

6.532F-05 

3<>6 

ft  4 1  t^e-oft 

6.510F-06 

477 

ft ♦ 1 ft7r -oft 

6.4881-1? 

457 

ft  » 3  ^  fi  c  •  U  ft 

6.467F-05 

4*8 

ft  #  3  I*  5  c  •  o  ft 

6.445P -05 

518 

ft i p  /fte  -oft 

6.4?4F-(i5 

549 

ft  •  P  A  0  c  •  j  5 

1.4021-05 

479 

ft  # 

6.3P1F-05 

01(1 

7  •  o  vfsr  •  oft 

6 , 3oot-()5 

6«0 

7. Vft9c-oft 

6.3391-05 

671 

7.04jtr-uft 

6.3l*F-o5 

701 

7  .fi)  <"2*uft 

6.2971-05 

732 

7 • fi*f  e  -i'ft 

». 2761-05 

702 

7  .  fiMtr-uft 

6.255f-05 

797 

7  •  fijfir -oft 

9.234F-C9 

873 

7  •  o  a  fr  r  -  *i  »> 

9.1*21-05 

(i4J 

7  •  Pf>Rt:  •oft 

O.147F-05 

004 

7  *  f kftt- jft 

* . 085F -05 

914 

7. 7«*</c-i  ft 

O.OSlF-c*. 

945 

* . o*oi -no 

975 

7. “«ft=*vft 

9.9511-85 

1006 

7 • o3  3r -oft 

J.869I -ft 

10  36 

7 .  r?  p- — *> 

■>.8741  -05 

1007 

7. 41  fir •. ft 

9, 8311-0.5 

1  n<>7 

7..U4t-*ft 

9,7461-05 

1178 

7,?*>?e-uft 

9.7161-05 

1188 

7  •  ?u7c-.»ft 

9.6041-05 

11*9 

7.lVls*gft 

9.6771-05 

1219 

7  •  J*  C  ft  ?.  •  u  ft 

9.6371 *05 

1250 

7.U?i.-„5 

9,6161-05 

17*0 

7  *  fift?t  »Uft 

9.5731-05 

1311 

7  •  f  /7r -  oft 

9. 558t-(|5 

1341 

7  •  f  h  fir ,*  oft 

9.447F-05 

1372 

7,  f^ftc-uft 

9.4(|?t-05 

140? 

7.P0J  r-oft 

9.4241-0,5 

1473 

7  ♦  f« «  0 1  •  i  *• 

9.4141-05 

1  463 

7,f07r-.ft 

9.42/1-05 

1404 

7  •  f Oft 

9.4601-05 

1474 

7*fi/f»e-o*> 

9.4791-05 

1544 

7#M*?c-uft 

9.4701-05 

16«5 

7.<\Uf»uft 

9.45/1-05 

1  M  5 

/.f  J.ftr-uft 

9 ,5(loF  -r,5 

1646 

ft# f c-uft 

9.493F-r,5 

1070 

6.7JOfuft 

9,48')!  -05 

1707 

6#<w3e-oft 
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3.453E-T2 

1 .49CE-02 

:  *  iPAfc-n? 

1.544F  OU 

/. 0)06-01 

5.334E  -m 

i.svaF-oi 

6.977C-r2 

?.99.‘  =  -0? 

> .  V 

«!<♦ 

3.144r  Ou 

1.223E  00 

4.53flF-01 

'  . A4  2 1  -01 

l.  JS7F-I-1 

4 . 48?  E-o? 

',■74^-12 

5.094F  OU 

1 . h / 7 f  no 

6 . 3Bi!E  -01 

'  •  02,3n-0] 

1.4024— ri 

5.88'F-O? 

4 . *  > 

1*»?4 

9.546F  00 

2.ft>«E  no 

3.3?4r-0l 

A , 614r-0l 

1. 737F-rl 

7, 9?<  E-O? 

■3  ,  *%>>>■  “  f'  / 
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FLIGHT  89 

Starlight  before  moonrise  with  thick  overcast  at  1500  m.  The  flight  pattern  was  from  Lop  Buri  to  ap¬ 
proximately  40  km  west  of  Sing  Buri.  The  terrain  was  flat  (river  delta  country)  and  cultivated  with  rice 
paddies  and  other  crops;  there  were  also  small  scattered  settlements.  The  illumination  from  ground  lights 
on  the  surface  of  the  overcast  was  readily  discernible.  Data-taking  started  at  2020  local  time  and  ended 
at  2110. 


s 

|g 
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FLIGHT  NQ.09  FILTER  NO.  1 

!RRA0IANCE(WA7TS/Sg.N. MICRO  M.  ) 


ALT1TU0E 

DOWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS! 

WELLING 

WF.LL1NG 

ALBEDO 

DOWNWELLING 

UPMELLING 

TOTAL 

ALBEOO 

362 

6«204E-0b 

9.176G-07 

.148 

1.280E-05 

4.979E— 06 

1.778E— 05 

.389 

642 

4.784E-06 

l<'661E-06 

.347 

9.464E-06 

7.604E-Q6 

1.707E-05 

.804 

94 3 

6.569E-06 

1.596F-06 

.243 

L..177E-05 

7.354E-06 

1.912E-05 

.625 

1236 

5.543E-06 

1.484E-06 

.268 

1.027E— 05 

6.329E-06 

1.660E— 05 

.616 

FLIGHT  NO. 89 

FILTER  NO.  2 

IRP.AOI  ANCE(  WATT  S/SQ.M. MICRO  M.  ) 

ALTITUDE 

OOWN- 

IJP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS) 

WELLING 

WELLING 

ALBEOO 

DOWNWELLING 

UPMELLING 

TOTAL 

ALPEPO 

363 

5.577E-06 

2.658i:-06 

.477 

1. 175E-05 

1.024E-05 

2.199E-05 

.871 

642 

5.117E-06 

?. 923L-0c< 

.571 

1.011E-05 

1.210E-05 

2.220E-05 

1.197 

943 

6.537E— 06 

5.476E-06 

.838 

1.251E— 05 

1.670E-05 

2.922E— 05 

1.335 

1235 

4.821E-06 

2.429c— 06 

.504 

9.707E-06 

I.016E-05 

1.987E— 05 

1.047 

ALTITUDE 

DOWN¬ 

FLIGHT  NO.  89 

IRRADIANCEIWATTS/SU 

UP- 

FILTER  NO.  3 
.M. MICRO  N.) 
SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS) 

WELLING 

HELLING 

ALBEDO 

DOWNWELLING 

UPWELLING 

TOTAL 

ALBEDO 

361 

9.706E-06 

3.367E-06 

.347 

1.987E— 05 

1.687E-05 

3.674E-05 

.849 

642 

1.024E— 05 

4.964E-06 

.485 

1.986E-05 

2.381E-05 

4.367E-05 

1.199 

-J942... 

.  1.103E-Q5 

6.713E-06 

.609 

2.135E— 05 

2.324E-05 

4.459E-05 

1.089 

1237 

1.065E— 05 

4.189E— 06 

.393 

1.990E— 05 

I.958E-05 

3.948E— OS 

.984 

FLIGHT  NO. 89  FILTER  NO.  9 

- - - .  IRRAOIANCEIMATIS/SQ.H.MICRD  N.) 

ALTITUDE  DOWN-  UP-  SCALAR 

(NETEJISI  WELLING  WELLING  ALBEDO  GOWN  WELLING 

360 
641 
941 


1236 


scalar 

UPMELLING 


SCALAR  SCALAR 
TOTAL  ALBEDO 


FLIGHT  NO. 89  .  FILTER  NO.  5 

I RRACIANCE( WATTS/ SQ.M. MICRO  M. I 


ALTITUDE 

DCWN— 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS) 

WFLLING 

WELLING 

ALBEOO 

DOWNWELLING 

UPWELLING 

TOTAL 

ALBEDO 

360 

6.190c— 06 

4. 105C-06 

.663 

1.222E-05 

1.4616-05 

2.6B3E-05 

1.195 

641 

9.214F- 06 

2.9PQE-06 

.317 

1.774E— 05 

1.382E-05 

3. 156E-05 

.779 

942 

5.1146-06 

1.9S4E-06 

.388 

1.Q03E-05 

7.609E-06 

1.764E-05 

.759 

1236 

8.397F-06 

3.500E-06 

.417 

1.617E-05 

1.272E-05 

2.889E-05 

.787 

FLIGHT  ..0.  89 

DIRECTIONAL  REFLECTANCE  GF  BACKGROUND 


2ENITH 

ANGLE 

1 

FILT'RS 

5 

3 

93 

2.92435 

4.05109 

3.61836 

5.80155 

95 

1.75028 

2.30967 

3.69624 

2.43506 

100 

.46289 

7.54312 

2.39443 

.94012 

.  105 

.24575 

1.60970 

1.25284 

.47145 

120 

.10396 

.44427 

.32637 

.31129 

150 

.08483 

.23793 

.21612 

.22992 

180 

.08101 

.17074 

.19414 

.21369 
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DATE  102168  FLIGHT  NO.  89 


GftOUNO  LEVEL  ALTITUDE  (  N.)» 


AA 


IUP-1 


ALTITUDE 

TOTAL 

SCATTERING  COEFFICIENT  (PER 

METER) 

(NETEKSI 

FILTERS  1 

2 

3 

4 

5 

0 

1.961E-04 

1.4036-04 

8.7126-05 

6. 5696-05 

1.7216-04 

30 

1.9546-04 

1.3986-04 

8.6836-05 

6 .5476-05 

1.715E-04 

61 

1.9486-04 

1.3936-04 

8.6546-05 

6.525E— 05 

1.710E— 04 

91 

1. 9416-04 

1.3896-04 

8.6256-05 

6. 5046-05 

1.70AE-0A 

122 

1.935E-04 

1.3846-04 

8. 5976-05 

6. 4826-05 

1.6986-04 

152 

1.9286-04 

1.3806-04 

8.5686-05 

6.A60E-05 

1.6936-04 

183 

1.9226-04 

1.3756-04 

8.5406-05 

6.439E-05 

1.687E-04 

.  213 

1.9166-04 

1.3706-04 

8. 5116— CS 

6.4176-05 

1.682E-04 

244 

1.9096-04 

1.3661-04 

8.4836-05 

6.396E-C5 

1,6766- OA 

274 

1.9036-04 

1.3616-04 

8.4556-05 

6.375E-05  . 

.1.6706-04. 

305 

1.8976-04 

1.357F-04 

8.4266-05 

6.354E-05 

1.6656-04 

335 

1.8906-04 

1.3526-04 

8.3986-05 

6.333E— 05 

1.659E-04 

366 

1.884S-C4 

1.3486-04 

3.3706-05 

6.248E-05 

1.65AE-04 

396 

1.378c— 04 

1.3256-04 

8.3896-05 

6.2916-05 

1.6486-04 

A27 

1.8596-04 

1.3036-04 

8. 3496—05 

6. 1236-C5 

1.6366-04 

457 

J. 8356-04 

1.3006-04 

8..324E.-JM _ 

6.1316-05 

1. 616.6-04 

488 

1.8316—04 

1.2976-04 

8. 2916-05 

6.044E-05 

1.6136-04 

.  .  518 

.  1.8136-04 

1.2936-04 

8*2166.-05.. __ 

6*0.076-05 

1.597.1-04 

549 

I.B10F— 04 

1.2966-04 

8.2266-05 

5.977E-C5 

1.5926-04 

579 

1.7916“ 04 

1.2976-04 

8,2106-05 

5.947E-05 

1.57A6-04 

610 

1.798E— 04 

1.2886-04 

8.1B16-05 

5.927E— 05 

1.5676-04 

640 

l.779<-— 04 

1.2716-04 

8.156E-OS 

5.9076-05 

1.5736-04 

671 

1.7636-04 

1.2716-04 

8. 121E-05 

5.8676-05 

1.5646-04 

701 

1.7596-04 

1.2606-04 

8.080E-05 

5.8066-05 

1.557E-0A 

732 

1.7735—04 

1.2436-04 

8.C466— 05 

5.788E— 05 

1.5466-04 

762 

1.7006-04 

1.2366-04 

8.0026-05 

5.768E— 05 

1.5106-04 

792 

1.6756-04 

1.2336-04 

8.0066-05 

5.741E— 05 

1.471E-04 

823 

1.6526-04 

1.2306-04 

8. 0116-05 

5.7396— C5 

1.440 E— 04 

853 

1.6346-04 

1.2296-04 

J.  9506-05 

5.599E— 05 

1.A18E-04 

884 

1.6406—04 

1.2096-04 

7.976E-05 

5.559E— 05 

1.A02E-04 

914 

1. 6306-04 

1.2116-04 

7.8916-05 

5.559E— 05 

1.3936-04 

945 

1 .6036-04 

1.1896-04 

7.8396-05 

5.507E-05 

1. 3886-04 

975 

1.577L-04 

1.1626-04 

7.7146-05 

5.417E-05 

1.3816—04 

1006 

1.5606-04 

1.1446-04 

7.5956-05 

5.A17E-05 

1.363E-0A 

1036 

1.5576-04 

1.1346-04 

7.4956-05 

5.354E-05 

1.336E-04 

1067 

1.5646-04 

1.1236-04 

7.3546-05 

S.213E-05 

1.330E-OA 

1097 

1. 5596-04 

1.1166-04 

7. 1496-05 

5.1656-05 

1.318E— 04 

1128 

1.5746-04 

1.0996-04 

7.2036-0S 

5.1696-05 

1.299E— 04 

1158 

1.5956-04 

1.0816-04 

7.0526-05 

5.1376-05 

1. 274E-04 

.  -1189 

1. 6736-04 

1.0636-04 

6.9756-05 

5.099E-05 

1.258E-0A 

1219 

1.6416-04 

1.0406-04 

6.8546-05 

5.101E-C5 

1.252E-04 

1250 

1.6256-04 

1.0326-04 

6. 72A6-05 

5.0446-05 

1.2286-04 

1280 

l. 5906-04 

1.0116-04 

0.6226-05 

5.C48E-05 

1.224E-04 

1311 

1.538C-04 

1.0046-04 

6.5186-05 

5.0186-05 

1.2106-04 

1341 

1.50JI-04 

9. 959'  -05 

6.4426-05 

4.9956-05 

1. 1866— 04 

..  _1372. 

...  _  1.495L-04 

9.925t.-05 

.  6.4216-05 

4.978E-0S 

1.181E-04 

FIRST 

DATA 

ALT. 

14 

13 

13 

12 

14 

LAST 

DATA 

ALT. 

45 

45 

45 

45 

46 
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FLIGHT  NO.  39  FILTER  NO.  1 

BEAN  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

95 

100 

105 

120 

150 

305 

.3220060 

.5094440 

.7128346 

.7968315 

.8890855 

.9343779 

610 

.1067433 

.2673257 

.5157343 

.6412973 

.7945598 

.8756652 

914 

.0376170 

.1473058 

.3824030 

.5246903 

.7161618 

.8246899 

1219 

.0138910 

.0844833 

.2392915 

.4351076 

.650015? 

.7798149 

FLIGHT 

NO.  89 

FILTER  NO. 

2 

BEAM  TRANSMITTANCE  FROM  GROUND 

TO  ALTITUOE 

ALTITUDE 

.  .  ZENITH  ANCLE  OF 

PATH  OF  SIGHT  (DEGREES) 

METERS 

93 

95 

100 

105 

120 

150 

305. 

_ ..4445543  _ 

.6172429  . 

.784924.4. 

.8500361 

. .9193356 

_  .952,6026 

610 

.2024735 

.3899337 

.6233245 

.7282301 

.8486038 

.9095735 

_ -914. 

_ .0.9A6.7A4 

•2524560 

,5011308 

...629056.5 

,7866727 

.8706361 

1219 

.0467847 

.1704314 

.4114406 

.5510982 

.7345989 

.836881? 

. . . fi.lGHT.-NQ.  89. _ 

BEAM  TRANSMITTANCE  FROM  GROUND 
ALTITUDE  . .  ZENITH  ANGLE  OF 

..  .FILTER  -NO,  3 

TO  ALTITUOE 

PATH  OF  SIGHT  (DEGREES) 

METERS  33 

95 

100  105 

120 

150 

_  305 _ *60.44247 

.7410746 

.8603643  .9040174 

.9491076 

.0702934 

610  .3675871 

.5542212 

.7436217  .8197602 

•9G22378 

.9423334 

.  914 _ *2249910. 

.  _  .4184043..  ... 

*6453.662  .7457133 

,8590924 

.9160473  . 

1219  .1417959 

.3232854 

.5673570  ,6836551 

.8213254 

.8925763 

_  FLIGHT  NO.  89 

FILTER 

N&*  4 

BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 

ALTITUOE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

95 

ICO 

105 

120 

150 

..305. 

.6841142 

.7977629 

.8927904 

.9267372 

.9613809 

.9775179 

610 

.474065? 

.6439625 

.8017985 

.8622535 

.9261519 

.9566740 

914 

.3334553 

.5266281 

.7248032 

.8057832 

.8942418 

.9375027 

1219 

.2394530 

.4378215 

.6006373 

.7571971 

.8659124 

.9202389 

-1524 

.1737932 

.3678043 

.6053113 

.7140426 

.8400053 

.9042410 

FLIGHT  NO.  39 

FILTER 

HO.  5 

BEAM  TRANSMITTANCE  FRUM  CROUND  TC  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

IOC 

105 

120 

150 

305 

.3698340 

.5532119 

.7429417 

.819257? 

.9019512 

.9421606 

610 

.140142*1 

.3138735 

.5590056 

.6769166 

.9171063 

.8899262 

914 

.0560898 

.1860073 

.4299024 

.5675690 

.7458830  • 

.8442793 

1219 

.0243491 

.1169454 

.3405741 

.<,354551 

.6879213 

.8057549 

18Q 

*9429133 

.8913809 

.8462634 

.8062395 


180 

.9988199 
•92119T0 
. 806949? 
.8570814 


180 

.9142215 
.9498620 
j. 9268724 
.9062700 


180 

.9005003 

.9*23618 

.9456436 

.93054*1 

.9165180 


180 

.9497111 

.9039393 

.8636492 

.8294102 
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FLIGHT  NO.  39  FILTER  NO.  I 

PATH  RADIANCE  FRON  GROUND  TO  ALTITUOEINATTS/STER.SQ.M  MICRO  H.l 


ALTITUOE 

Z6NITH  ANGLE 

OF  PATH  OF 

SIGHT  I DEGREES! 

METERS 

93 

95 

100 

105 

120 

305 

1.060E-06 

T.516E-07 

4.153E-07 

2.74TE-07 

1. 2046-07 

610 

1.3976-06 

1.126F-06 

7.058E-07 

4.9066-07 

2.274E-07 

914 

1.5316-06 

1.3326-06 

9.1816-07 

6.661E-07 

3.252E-07 

1219 

1.536E-06 

1.4146-06 

I. 0536-06 

7.919E-07 

4.045E-07 

150  180 

5.193E-08  4.004E-08 

1. 0036-07  7.9066-68 

1.4716-0?  1.1426-07 

1.889E-OT  1.5026-07 


FLIGHT  NO.  89  FILTER  NO.  2 

PATH  RADIANCE  FROM  GROUND  TO  ALTITUOEINATTS/STER.SQ.M  MICRO  M.) 


ALTITUOE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  IOEGREESI 

METERS 

93 

95 

too 

105 

120 

ISO 

<05 

1.132E-06 

7.747E-07 

4.244E-07 

2.850E-07 

1.308E-0T 

5.662E-00 

610 

1.6386-06 

1.2446-06 

7.491E-07 

5.208E-07 

2.4TTE-07 

1.089E-07 

914 

2.0036-06 

1.622E-06 

1.049E-06 

7.526E-07 

3.737E-07 

1.609E-OT, 

1219 

2. 129E-06 

1.830E-06 

1.263E— 06 

9.322E-07 

4.Q06E— 07 

2.232E-07 

180 

4.3586-08 

0.3096-08 

1.3036-07 

1.7296-07 


FLIGHT  NO.  89  FILTER  NO.  3 

PATH  RAOIANCE  FROM  GROUND  TO  ALTITUOEINATTS/STER.SQ.M  MICRO  M.I 


ALTITUDE 

ZENITH  ANGLE 

DF  PATH  OF 

SIGHT  IOEGREESI 

M6TCRS 

93 

95 

100 

105 

120 

305 

1.370E-06 

8.8566-07 

4.5826-07 

2.980E-07 

1.290E-07 

ulU 

2.3036-06 

1.5976-06 

8.805E— 07 

5.864E-07 

2.6056-07 

914 

3.003E-06 

2.2106-06 

1.2926-06 

8.825E-07 

4.062E-07 

1219 

3.3236-06 

2.583E— 06 

1.592E-P6 

1. 111E-06 

5.268E-07 

150  ICO 

5.470E-00  4.2056-00 

1. HOE— 07  0.438E-00 

1.734fc*7  1.355C-07 

2.319E-07  1.704E-07 


y 

h  FLIGHT  NO.  89  FILTER  NO.  4 

PATH  RADIANCE  FROM  GROUND  TO  ALTITUOEINATTS/STER.SQ.M  MICRO  M.I 


ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  IOEGREESI 

METERS 

3uS 

610 

914 

1219 

93 

95 

ICO 

105 

120 

I 


150 


180 


FLIGHT  NO.  89  FILTER  NO.  5 

PATH  RADIANCE  FROM  GROUND  TO  ALTITU06INATTS/STER.SC.P  MICRO  M.I 


ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  IOEGREESI 

METERS 

93 

95 

100 

105 

120 

150 

ISO 

305 

1.S70E-06 

1.115F-06 

6.3976-07 

4.4256-07 

2.1226-07 

8.730E-08 

6. 5476-88 

610 

2.247E-06 

1.7756-06 

l. 123F-06 

8.023E-07 

3.958E-07 

1.677 E-07 

1.2726-87 

914 

2.269F-06 

l. 9846-06 

1. 3806-06 

1.0196-06 

5.1776-07 

2.274E-07 

1.7S1E— 87 

1219 

2.1556-06 

1.995E-06 

1.495F-06 

1.1396-06 

6.0036-07 

2. 7326-07 

2.1296-07 
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_ EUGH.T.JW,*.Jg _ FILTER.  N.Q.  A 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUDE . XfHI  J.H .ANGLE .  _Q  F..PATH  OF.. SIGHT  (DEGREES! 

METERS  93  95  100  105  120 

- -305 _ .Ia.66.TE.  . 7a.4Z1E.-5U . ZaMOEtJU . X,?.462-01  6.859E-02 

610  6.627E  00  2.133E  00  6.931E-01  3.8746-01  1.4496-01 


1219  5.6016  01  8.476E  00  1.843E  00  9.217E-01 


3.151E-01 


150  180 

2,$156t02  .  2.*  199E-82 

5.803E-02  4.4916-02 

_  9.042E-02  6.9526-02 

1.227E-01  9L436E-02 


FLIGHT  NO.  89  _  FILTER  NO.  2. 

OIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUOE 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

METERS  "  93  95  tOC  105  120  ISO  130 

305  1.434b  00  7.0706-01  3.046E-01  1.889E-01  8.018E-02  3.348E-02  2.5606-02 

610  ”  4.558E  00  1.7976  00  6.7706-01  4.029E-01  1.6446-01  6.7436-02  5.1306-02 

914  A*19ZE  01  3.619E  00  1.179E  00  6.739E-01  2.676E-01  1.0936-01  8.2736-02 

1219  2.5636  01  6.0486  00  1.730E  00  9. 5296-01  3.685E-'‘T  1.5026-01  l.l36t-01 


_  FLIGHT  N7.  89  _  FILTER  KO..  .3 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUDE . - _ ZENITH  ANGLE. OF.MTH  OF.SJGHT  (DEGREES) 

METERS  93  95  100  105  120  150  180 

-  _3L03L -T*aa.TE.-.Oi— — 3.JJME-01 . 1,7246-01  1.067E-01  4.399E-02  1.827Er02  1.4246-02 

610  2.028E  00  9.327E-01  3.832E-01  2.315E-01  9.345E-02  3.8136-02  2.943E-02 

- 9X4 _ 4.3206  DO _ 1.710E  00  6.476E-01  3.830E-01  1.530E-01  _„6U9flfcfl2 _ >.7326-82 

1219  7.S86E  00  2.586E  00  9.082E-01  5.262E-01  2.0766-01  8<.411E-02  6.407E-82 


_  FLIGHT  NO.  39  FILTER  NO..  4  - . _ . . . 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUOE 
ALTITUOE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (OEGREES) 

METERS  93  95  100  105  120  150  180 

305  . 

610 

_ -9X4 _ 

1219 


_  FLIGHT  NO.  89  FILTER  NO.  5 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUOE  _  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


METERS 

93 

95 

100 

105 

120 

150 

180 

..  .305.. 

_ ?».15.4E0G 

1.0236 

00 

4.3706-01 

2.7426-01 

1. 194F-01 

4.703E— 02 

3.4996-02 

610 

8. 1386  00 

2.871E 

00 

1.C19E  00 

6.0166-01 

2.459E-01 

9.562E-02 

7.1426-02 

_ .9X4 _ 2jlQ5.3X.Q1 

.  5.4146 

.00  _ 

.I.G29E.0Q. 

9.U1E-0X 

-  3,5236-01 

-A.M7E-0X 

1.0296-01 

1219 

4.492c  01 

8.6576 

00 

2.2296  00 

1.1916  00 

4.429E-CI 

1.721E— 01 

1.3036-01 

FLIGHT  91 

Moonlight.  The  flight  pattern  was  from  Lop  Buri  to  approximately  40  km  west  of  Sing  Buri.  The  terrain 
was  flat  (river  delta  country)  and  cultivated  with  rice  paddies  and  other  crops;  there  were  also  small 
scattered  settlements.  This  was  the  dry  season  (March)  when  crops  had  been  harvested,  ground  cover  had 
yellowed,  rice  paddies  were  dry,  and  the  stubble  was  being  burned  off.  Water  was  still  present  in  some  of 
the  fields  however  and  reflected  moonlight  was  observed  at  the  beginning  of  the  flight.  The  atmosphere 
was  free  of  clouds  but  quite  hazy,  especially  near  the  ground,  and  there  was  very  little  wind.  Data  were 
recorded  from  2052  local  time  to  2321.  The  moon  phase  angle  was  40°;  the  moon  zenith  angle  was  15° at 
the  start  of  sky  radiance  data-taking,  11°at  transit,  and  18° when  sky  radiance  data-taking  ended. 


PH  P'1  NC.'l  FILTER  \0.  1 

I  .113  llAsCFtWATTC/SG.K.MICKO  F*.  ) 

ALTITUDE  DOWN-  'IV-  SCAL  A".  SC  A I  AH  SCALAR  SCAI  At< 

(«*-T<RSl  WELLING  ’.  LLINi.  Al.,1  1)0  CGHMaLLlAG  Ul;  a1  LL I  NG  TCIAL  ALBPDC 

1,U  B. 7761-04  ..1/2--05  .0)9  1.766!—  0  >  1.351,— *'4  1.4CC1-03  .107 

4*,0  l.’Aor— 03  „.i,23  -05  .0 5'.'  l.')49r— O'*  1.7.  >1. -04  1.815L-C9  .101 

7o4  1.093*— J3  0.1/ 3’ -03  .074  1.48/C-O »  2.9)91-04  1. 780' -03  .139 

1038  8.391l-04  ...479  -05  .JO.i  1.294P-03  7.271.  -04  l.521t-03  .170 

1481  1.2741-03  9.407.  -  >4  .074  1.648F-03  7.4591 -r4  1.893E-03  .149 

1638  l.lbSP-03  l.^Rbr-OA  .043  1.662C-03  ’.fcl?  -.4  1.843L-03  .180 


FLl.hl  G  •  **  1  FILT‘11  NO.  2 

I*”,V  t  A.,CC(*ATTS/SC.F'.?«ICKG  7.) 

ALTITUDE  DOHA-  >.*>-  SCALAK-  SC  ALA  1  SCALAR  SCALA' 

iMTTPrtsl  WFLLTNG  LL1N0  ALqPUU  DCWNWfLLING  oPWPLL  IN>>  TOTAL  ALEECC 

U1  7. 4611-04  6.2137-95  .Ot  9  1.323E-03  1.604'— 04  1.483L-03  .121 

445  9.432,--Q4  3.99,)— r5  .O' 4  1.337E-03  1.980*— '4  1.5351-03  .146 

764  1.023. -11  3.1lt.  - J5  .079  1.410E-03  2.081. -(4  1.61E  —  03  .14!' 

10*0  1.3191— “3  9.\,4,— (.5  .071  1.701H-03  2.377  -04  1. 939.-00  .14C 

1379  1.247i-03  4.!*47t— 6  5  .0 II  1.657F-03  ’.473. -C4  1.8351-03  .ls6 

1636  9.0  Jit  —..4  1.1/2C-04  .124  1.29-.2-J3  2.891.-04  1.534*-03  .223 


FL  I i’.HT  ,NU.  >1  r ! L T - 3.  NO.  3 


ALTl  IU0E 

.C'-N- 

I  <!i*A01A.\CF.{  K  ATTb/bs 

IXET'-WSl 

WCLLING 

LLIAG 

ALiiF  UO 

179 

1.276.  -03 

1.731 7-05 

.07.. 

449 

1.121L.-J3 

1.131.--*'4 

•  liU 

767 

1.6811  -03 

).179*--04 

.970 

1079 

1.533C-03 

1.514.— 04 

.093 

1379 

1.313.--03 

1.7,601—64 

.126 

16(14 

1.3O0F-O2 

1.645.— ,4 

.118 

•MIC 90  7.) 


SCALAR 

SCALA 

SCALAR 

SCALAR 

.''S71CLL  I  AG 

UPWL  LL I  NO 

TOTAL 

ALBFCO 

1.627t— C3 

7.l21r— 04 

l.839-:-C3 

.130 

1.45.T-03 

2.549  —  „4 

1.7131  -63 

.175 

2.5397-03 

2.664E-04 

2.3061  -C3 

.131 

1.874F-0S 

3.2956-04 

2.2C47-03 

•  1 7t 

1.597  .—  03 

3.554-.-04 

1.9471.-03 

.723 

1.513L-03 

3.4611-04 

1.959  -03 

.213 

FLIGHT  NO. 91  FiLTU!  NO.  4 

tO"Ai.tA\CC<  WATTS/SO. 6. KICKO  H.) 

ALTITUDE  rOf.N-  |..>-  SCALAl  SCALA/  SCAIAR  sCAl.Ar 

«H:TF9S1  WELLING  •  ELLIN'i  ALE  TOO  Dl'WNWELLINK  U2WFLLINC.  TOTAL  Al  8bt.C 

L76  9.407L-04  1.9o3(-04  .114  1.176F-03  1.7681— C4  1.403. -0.'.  .193 

441  9.0291-04  1.3*9*— 04  .154  1.13DE-C3  2.8651 -C4  1.417' -03  .263 

755  1.206E-03  1.497F-04  .124  1.446E-03  1.100C-04  1.7561-03  .714 

1079  1.5007-03  1.4461—14  .096  1.758^-03  3.0241—04  ?. 060.-53  .172 

1373  3.64rt‘-04  l.i63':-04  .399  5.464  —  04  3.120.-04  8.584*— 04  .’71 

1684  1.033.-13  1.475, >'4  .l'«  t.33»=-C3  3.  63i -04  1.545  -C3  .347 


FL1.HT  NO. 91  FILT  ’  sC .  5 

17*  ll. I A.>C.(hATT?/S'5..,.7IC<’0  .a.) 

ALTITUOE  CIIWV-  UP-  SCALAR  SCALAR  SCALAR  jCAI  A' 

CHLTfcRSl  WELL  INI-  WELLING  ALfcl  00  Dl'W.NWFLLINC  OPWrLL  INC  TOTAL  ALV.CC 

172  1 .001 L  —37 3  7.162.— <’5  .‘'•7’  1.37.6^-03  1.6<',8'.-04  1.543  -CO  .121 

443  1.0141- -03  9.371  -.’5  .091  1.  -.03.-03  7. 1761-04  1.620*— 03  .15-: 

759  7.775.-04  1.971  -0,  .175  1.17.75-G3  2.562I-C4  1. 4237-03 

1036  9./03F-'’4  1.3  771-04  .111  1.354l-03  2.6431.-04  1.6181-03  .19-* 

1371  3.316—94  1.169*'-C4  .141  1. 178^-03  2. 8151.-04  1.4595-C3  .739 

1596  9.604.-04  1.3355-04  .141  1.297F-03  3.196E-04  1.6llr-03  *'47 


6-74 


FII  '.HT  NO.  91 

AZ1MUT:i  UF 

PATH  rF 

6  1  i.HT  *  .. 

oiRECthiNAL 

FLFCIANCE  OF 

BACKGROUND 

1 trtITH 

FILT1RS 

ANGLE 

1 

2 

4 

3 

4 

93 

.269  )>l 

.>?3l  1 

.71475 

.13894 

.11-193 

96 

.  1  1369 

.16,153 

.14!  16 

.  1 161C 

.13559 

109 

.0914 > 

.694 4” 

.05'' 12 

• 0O5CC 

•23353 

195 

.96731 

. 083-9 

.t373dS 

.06023 

.111C3 

120 

.049.11, 

.06021 

.ti»937 

. C8059 

.08460 

150 

.04899 

.55963 

. 1C372 

.0  73CC 

.16357 

1(10 

.06295 

. 07.13 ; 

.03130 

.12074 

.07355 

FU'.HI  91 

AZIMUTH  OF 

RATE.  OF  SIGHT  *  90 

DI8FCTI0NAL  REFLECTANCE  OF 

BACKGROUND 

/I  VI fH 

f 1LT.RS 

ANGLE 

l  7 

4 

3 

4 

93 

.256t'->  .19697 

.14668 

.15647 

.14339 

<?•> 

.206U  .15933 

,1323? 

.13456 

.14041 

100 

.09i2'  .1002? 

•  C8>113 

.1*777? 

.12817 

1  )3 

.072  1-'  .08211 

.06317 

.07327 

.09124 

12  1 

.08256  .064-’ 

.68513 

.C9730 

.07123 

150 

•  03677  «.j61c  l 

•C7646 

.062  77 

.HU2' 

1«0 

.062  >6  10 

•Gcl30 

.12074 

.77354 

FL1-HT  Ml.  91 

- 

AZIMUTH  OF 

PATH  CF  SIGHT  »  l"-> 

OIRICTIONAL  .'1  FI  FCTANCE  Of 

EACKGROUMi 

ZufllTH 

1  ILURS 

ANGLE 

l  3 

5 

3 

c. 

93 

.12938  .13437 

-.14.935.  . 

.13452 

.24979 

95 

.  1  0746  .0997-j 

.11435 

.09043 

.1672-. 

100 

.U7642  .07763 

.0E399 

.07988 

.11737 

105 

. 07u7 /  «0o?6c 

.06518 

.09528 

.48839 

120 

•  04u31  .'35756 

•0461C 

,r.t>o?5 

.09658 

150 

.0778f.  .Ool  '5 

.(4894 

.03, *,7  2 

.70696 

U'O 

.,6249  .07731* 

.0; 130 

.12074 

.07355 

HI '.HI  i>n.  u 

AZIMUTH  Pi* 

HUH  -  • /o 

DIPi-Cl  IM'AL  A  r  F  L 1  C 1  A.\C  E  ,F  HACKO 

-LAO 

ZENITH 

i  It  1 .  P.S 

ANGLE 

•  5 

J 

4 

93 

.  1  1277  .  14-166 

.19»31 

.13181 

.17043 

95 

.  1’  1  ->'•  .10824 

.17616 

•C9766 

.15606 

100 

.  '90.  !  .08707 

.0-144 

.07366 

.14864 

106 

•  u7i»..>  .C749C 

.06045 

.08934 

.14410 

120 

. 06fc  , ,  .06413 

. C9374 

.05685 

.4661-1 

15C 

.'1717,--  .06077 

.6432” 

.  6421 

.7209 

110 

.04?-„,  .(,773  '' 

. 07 1 '0 

.12174 

.  7351 

OATE  22869  FLIGHT  NO. 

<H  C*CUND 

LEVEL  ALTITUDE  1  H.l« 

24  101** 

ALT  t 1 USE 

TiiTM 

SCAT  1 FR I  Vu  COEFFICIENT  IPER 

METER ) 

CK'.Ti-WSI 

FILTERS  l 

7 

.3  ■ 

4' 

4 

0 

l. 2284-04 

1.03:11-04 

&.452E-95 

4. 1235-05 

9.C12E-05 

JO 

1.224  "  —  04 

1.076.--44 

6.4376—15 

4.109E-G5 

8.982t-')5 

61 

1 . 2 > 

I.C7T.-04 

6.415C-05 

4.096E-C3 

8.952!  -05 

•H 

1.21 07—04 

1.0201 -04 

6. 3S4F-05 

4.0H2E-05 

8. 9221  -05 

12’ 

1.7 12.— 04 

1.0161-04 

6.3731-05 

4.G68F-C5 

8.7937.-03 

IS? 

1.20,<;— 34 

1 .013--34 

(..2r.?r-  15 

4.P55F-05 

P.H63F-05 

153 

1.704  —34 

9.93  i;.-c  > 

b  •  2*:37— C  5 

4.010i-CS 

«.,<33r-05 

213 

1.  174'-04 

'i.soTr-ns 

6.059,  —  15 

3.94  88-05 

<1.7158-05 

144 

1.  134.-04 

9. 6(1:1;  -45 

A. C03L-C  5 

3. 394 F- 05 

8. .'.238-08 

174 

1.  T  471. -04 

9.719*— 05 

5.9C9F-05 

3.854E-0S 

8.5521-05 

3  35 

l.  1  3(1  .-04 

9.628—35 

3.389E-„5 

3.3045-05 

8.501 L-05 

3 ’.3 

t.  Icr  -  ’4 

5. 3441  -1)1 

5.  777,-05 

3. PC0--05 

8.4521  05 

lb  > 

1.1  >■)•—  '4 

9.701— 

5.6821— .'5 

1.7011.-05 

8. 7157-05 

496 

1.14)1— ;)4 

4. 05.’ .—05 

4.6i.6:;-05 

3.819F-05 

H  ,  7  0 1 1  - 5 

427 

1.06  li  -.'14 

4.4f|’.'-C5 

5. 36ul— 03 

3.6335-05 

R.fcilO!  -04 

.87 

l.  ..'4  -  "4 

4.71  h  -.4 

■>.35  51.-05  . 

3.765:— OS 

8.4288-05 

'■Ht 

1.  t-  “<4 

i.oc>6  ::-34 

5.6191  -05 

3.«3Cc-r.5 

8.2537-05 

•IS 

1.1071  -04 

1.077F- 04 

4.959>->or. 

3. 8775—05 

H.40EE- 05 

84  9 

1 . ?.'jt  .  — !*4 

1  .03?"-34 

t.9i  3r.-o-> 

3. 4575-04 

8.9661  -C3 

8  79 

1.74).  -.  4 

1.04  ?. -.14 

’ .  5 « (. -  95 

3.907'— 04 

9.054— 08 

MO 

1 . 7. ,6'  — '  4 

l.llf.  -.'A 

4.96'.i-'j4 

3.943'— 05 

9.  1057-05 

64' 1 

1.249:—  >4 

1  . 1451- 34 

.,.243,— 5 

4.024C-03 

9.  Cl  4,. -.35 

471 

t.  300;  -04 

l.lFiv-r./, 

6.633  —  175 

'..lT'lE-iS 

d.c40f—0  5 

701 

1.344.  -04 

1.181  i.-OA 

-.7641-05 

4. 100E-05 

8.9051-05 

732 

1.47  ’.--04 

1.073.  -94 

6.625*  -35 

4.789E-C5 

8.9391.-05 

7S? 

1.512:  -04 

1.006F-04 

5.  J75'  -0« 

4.275F-C5 

9.448F-05 

797 

1 . 5G.3t.-44 

l.oy  ,.-o* 

o.f  7 )>  -05 

4, 714E-05 

l. 0071-04 

CM 

1.514’,-  ;4 

1.925— 04 

t.f  •,  7i.-'-5 

4.183.-35 

1.0961—04 

(188 

1.4  ?7'  -94 

1.017.-04 

6.356I-C5 

4.  132.-05 

l.  1041. -04 

d?4 

1.417- 04 

1 .04 l r -34 

4.550*— 04 

4. 1657—  03 

1. 1221-04 

914 

1.512'. -04 

1.0358-04 

6.5318-95 

4.205’.-C3 

1.08.;  .-04 

145 

t.554i  -.14 

1.09  1.  -1.4 

6.  7  'A  ■  -0.4 

4.  1831-34 

1.0, 40  -O', 

.  975  . 

.  1.563. -,4 

1 . 147.-04 

c.822l-35 

'*.059.-05 

9.97  78-34 

10  26 

1.499  -.,4 

1.174  —04 

6.41 OF— 0 5 

3.994:-r,5 

S.916> -03 

..1j36 

1.42Ji-i.4 

1.103C.-04 

t. 3c 6t- 05 

4.06S3-C5 

9.C39E-I.S 

t',67 

1.43J.  —114 

l .064  - —04 

0.  34  3.  -03 

4.0241—95 

9.315,  -35 

.  lJ->7 

U427.-C4 

1.940.-0', 

.5.267'-  ,3 

4.  1081  -05 

9.6987  -05 

1 1  ?.u 

1.3  77  -V. 

1.065'  — -;4 

’{,.  "  «?'» 

4.9R9-.-U5 

9.  7901  -58 

U'.H 

1.372  -04 

1  .fi74;  -04 

t.3*9.  -"5 

4.055r-U3 

9.„r4l— 05 

11' .9 

1.4  2  -44 

1. 0711-04 

6.53::'  -05 

4.0'>6r-C3 

9.  31  'it -05 

.  12VJ 

1.418.-94 

1 .0608—04 

6.343>35 

'i.COSC-fiS 

9.454L-05 

1250 

1.423- -04 

1  .0-1'".-'.  4 

6.  M3  —13 

3. 9911-05 

9.3991-05 

izeo 

1.422 

i.i»«7i;-)4 

0  .  ■*  2 1 -  0  3 

3  ■  99 IE- C 4 

9.7587  -05 

mi 

1.409. 

l.OCJc— 14 

H4,(- ',3 

4.174.— 05 

t.COU-  '4 

1  ’.41 

1.40.3  -'17. 

1.997.— 04 

A. 374.-05 

4.  l  il  -LS 

9.99tE-05 

117. 

1.414;  -  )4 

:  .095*— 0  4 

6. 3041 -.35 

4, 159F-05 

1.017,-04 

1402 

1.414  -04 

1 .0800—04 

0.3  >2  .-0  5 

4.CP2F-C3 

1.019E-04 

1433 

1.4:3  -04 

1.051  >04 

3.3C2,  -0  5 

4 • 0B8E-L5 

9.7651-03 

1463 

1. 4’4-  -44 

1  .''38  —04 

i..146i—  15 

4.1 7,45—05 

9.6271-05 

14  >4 

1.436  -94 

1.333'— '4 

7,.  3  ‘I-  ,4 

4.C73'  -15 

9.4981  -05 

1474 

1.473  —04 

1.03  7  -.-94 

0.2  V  70—1,5 

4.0  74i— 05 

9.  616.  -05 

l  534 

1.4'.  3-  -04 

1.(141— 94 

0. 301  E—’S 

4.094E- • 5 

9.0041-04 

1  4  85 

1.53S’.  -  ’4 

l .0492—04 

c.  399:— 05 

4.1 24=;— 03 

9. 753C-C5 

IM5 

1.3  '5.-04 

1  .044.-54 

A. 772' -05 

4  345-04 

9. 771 ’-05 

1446 

1.317  .-04 

1.042—' '4 

6.  273-:-. >5 

4.7.  J‘31  -C5 

9.617,  -05 

1676 

1.3' 7  -  4 

1.043  -34 

:i.?(4'-,’5 

3.965  — F5 

•1.  4G51  -03 

1717 

1.247  —  34 

1.040’ -04 

|(!3  —  03 

3.55?'- <5 

9. 354! -C  5 

1737 

1. 2930— 1'4 

1 .0368-04 

7,.  lcSi— 05 

3.4391—05 

9. 4220-05 

l  768 

1 . 24*90— 44 

l.'J33:>94 

6.  14  4  5  —  05 

3.9260-05 

9.410,:— 05 

1793 

1.7040—04 

1  .02.99'— ;4 

5.  134T-34 

8.913.-:-05 

9. 459;  -05 

1879 

1.28.3- -04 

1.923L-94 

.  .1CV-..5 

S 

9.427,  -05 

UK  ST  OAT  A 

'Ll .  7 

.» 

<1 

Ij 

t 

LAST  DATA 

ALT.  56 

36 

,6 

*>6 

3  • 
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H  I 

.nr  so.  -<i 

FILTf'l  40. 

l 

life  AM  TRANSMIT  1 

ASC.  FRO*'  GkOIAD 

U  ALMTUC8 

AlTl  ru  ;£ 

/rMTH  A»:C.L'.  OF 

PATH  OF  SIGHT  (DEGREES! 

FlT'  RS 

,3 

t , 

•>V 

104 

12l 

150 

130 

Ji'5 

•49b675* 

.6586357 

.F1'<05SP 

.36*7758 

.929/716 

.9588310 

.9642467 

o  10 

./?<»o9233 

.4  3E?78i 

.G609F41 

.7574634 

.0660700 

.9203356 

.9306,88 

U4 

•  104  *>473 

.26u339/ 

. 51b2c35 

•6409C45 

.7943078 

.3755048 

.8912395 

1219 

«  04<  6t>4o 

.16 

•  3)9271h 

.5401057 

.7269793 

.8313590 

.  -526308 

1524 

.Ol743ol 

.047/27  < 

.3U22E  > 

.4569766 

.6667272 

.7913278 

.8165336 

FLl 

HT  NO.  91 

FILTER 

NO. 

2 

«tAK 

TRAMSR1 T 1 ANCF  FROM  ..ROUND 

TO  ALTITUDE 

ALTMU* 

7'NITH  ANGLE  OF 

PATH  OF 

SIGHT  (DEGREES) 

rt 

7  1 

95 

100 

105 

120 

ISO 

1>'0 

J  :S 

.4544736 

.  /040C15 

.8384857 

.8885284 

.9406549 

.9662949 

.9693737 

•\0 

.3053159 

.4976554 

.7045073 

.7905741 

.3854646 

.9321789 

.9409913 

•  14 

.1544466 

.34l_>253 

.53.34609 

.6966448 

.8293479 

.8975996 

.9106854 

1  ? ! 

."81135  * 

.2334661 

.4818427 

.6127075 

.7760222 

.8638112 

.8609212 

lb.  4 

.0412004 

.1605417 

.3992792 

.5401154 

•726984C 

.8318621 

.3526336 

fl  r 

•>HT  NO.  n 

FILTER  NO. 

3 

HE AM  TRANSMITTANCE  FP.CN  GROUNC 

TC  ALTITUDE 

AITI  ILI'L 

2 l 4 1 T H  ANGLE  OF 

PATH  OF  SIGHT  ( DEGREES) 

h  r.r\ 

»  fn 

94 

IOC 

105 

120 

150 

1  )C 

i  '5 

.b9'993; 

•  80392  74 

.-■>96  2466 

.9291427 

.9626718 

.9782755 

.9811584 

olO 

.4919015 

.6682449 

.310675' 

•F666465 

•9297CCC 

.9587883 

.9642095 

-14 

.  3332'004 

.521.0913 

.7244323 

.8055065 

•894082E 

.9374064 

.9455595 

1214 

.223  3258. 

.4197680 

.64638’ a 

.7465358 

.8595798 

.9163473 

.9271353 

1  1 

.1493443 

.3361591 

.6785364 

.6927346 

.8269349 

.8960909 

.9093596 

alt  1 1 *r»c 

**  i 

ri.lv.HT  *0.  91 

KI-AF  transfittance  from  ground 

7-NITH  ANGLE  GF 

93  95 

F I L 1 1  R  U 

T  '  ALUTUr 
PATH  GF  SI 

ICC 

.  4 

7HT  (DEGREES) 
105 

120 

15', 

15C 

*  b 

. .911344 

•  8  59192 3 

.9320557 

.9538686 

.9758593 

.9859904 

.98785*9 

*10 

.62)7463 

.7.13314 

.072CSR7 

.9122643 

.9535796 

.9729303 

.9765140 

.  •3879C-. 

.6680998 

.8105855 

.0685821 

.9296643 

.9587671 

.■1641910 

l?\ ? 

.  .*70  5  5  i9 

.5707065 

.7546423 

.8278916 

.9068954 

.9451172 

.9522916 

l>  4 

. '92872  ’ 

.4945675 

•7G73C99 

.7889188 

.6845044 

.9315952 

.98.34809 

AllllU'P 
.V  T  Rs 

Ft  I  ..HT  SO.  41 

MEAN  TRANSFITTANC  :  FROM  GROUND 
/  6  N 1 1  H  ANGLE  CF 
1  1  95 

FILTk«  NC.  5 

Tu  ALT1TUUC 

PATH  OF  SIGHT  (DEGREES) 
IOC  135 

120 

1 5>' 

160 

}  ■> 

.  .5-. 7  ’7  ■ 

.  7  34364/. 

.8567382 

.9014593 

.947/164 

.9694720 

.9735073 

MO 

.39515  7  5 

.5430594 

.7360668 

.8141632 

.8990438 

.9404059 

.9481792 

014 

.196412' 

. 3848691 

.6192473 

.7250311 

.846672? 

.9083776 

.9201479 

111* 

.107- 532' 

.2749152 

.5730321 

.6473715 

.7984467 

.8761357 

•  8935684 

ib  >4 

.29/9981 

.1951090 

•44C4C29 

.5763331 

.7521604 

.8433749 

•367271 f 
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.wivuih  or  PAfh  h  'sii.hr  * 

FLIGHT  NO.  'H  fill-  '  .0.  I 


HATH  1A0IANCE 

Met*  t 

[j  AL  I  IT  UOt  IKATTS/STM.V..F 

FI  P-*  >. ) 

ALTIIO.E 

ZEM  ! 1>  ANM  t 

OF  PATH  !.F 

SI^HI  (l)F(-  EL.I 

1 

H,  T.  8 

i  <3 

•»». 

TOC 

1  ?5 

12' 

I'., 

{  IFF* 

5 

4,40/i  -05 

3.351  - 

1 . 709;  -  5 

1,100.-.  4 

5.962  -C.. 

2.622  -(6 

2. C?6>  -Oh 

0 

•1.474c-05 

o  .  90  o  —  .4 

T.28J.  -0  > 

2. 1  FT  3  c— «  5 

1 ,030r— 05 

‘..789.  -06 

>.79e.  -C6 

9i4 

9.90V— 05 

7.  772- -05 

4.7(.I'F-0a 

3.305i*-95 

1,6351.-05 

9.406  -06 

9.411. -06 

1214 

UWHH-OV 

8.90  7‘-  5 

»»944  -- ,1  > 

> .271  - -05 

2. 19CL-05 

1.279  -05 

1.267- -05 

1  >  ’4 

l « 1 39f  —04 

t .  OCT*  -  >4 

7.077.  -0  a 

5.  22 3'  -05 

'.782'  -05 

1 .648  -05 

1.646  -04 

u). 

MLT.-k 

*0,  » 

PMH 

Ai'lANCS  M.'*  v.V  0*  w  Tl, 

HTl  fbJU* 

i.uts/stc«.5;.f 

ALTITUDE 

/  \  1  1  H  A.V  L  n  , 

i>F  PATH  UF 

a  I  OH  I  lOEC'ELSI 

1 

Kc T  .IS 

1  1  0^ 

10w 

1L5 

12' 

1  3 

i-;o 

3  'b 

4. 

w-  7*  —  ^  ?.  >4?  — 

1.4t*  b 

9.5065—06 

4.234h-0fr 

2.319  -06 

2.293 

-06 

•1 

7. 

,  ‘  '»•■!  57  —  - 

^SV-'S 

l.l  23.  -<'5 

o  .b*>7t  -C# 

4.775  -06 

4,  719 

-06 

J*4 

7. 

'1  -  »b  6.  746.  -<»5 

<«97r-L-Ob 

2.7116-05 

U.il9.-C4 

7.4"4  -06 

7.385  - 

-06 

1. 

•:r*  -o'.  vW2o5  -'o 

*>.1  7»-0o 

3.cl«"-05 

1.316  -C5 

1.25?  -h5 

1.05? 

-05 

la.  4 

1. 

•  -  "i  "*2fr4  ~lo 

(»•  1  lit-'.  j 

4.40".  -35 

2.2/2  -On 

1.336  -05 

1.  ,47. 

-Ob 

!  L  I 

Hf  ,tj.  .1 

ml  t.  v;.  3 

path 

■  v\  ,h  ilr- r  T' 

ALTITU'i-(5*ATTS/Sr-'..«.,F 

7MC8L  1 . ) 

ALU  I0..5 

/  Ml  h  A  ,U' 

'F  1-  »TF  1  F  st  ,HT  I‘;FGh:l  aI 

1 

•-T  PS 

7  », 

6  C 

r-6.  1*5 

12. 

15 

1  .0 

i  55 

3.  74;*-— ‘j  ' 

16|.f-2  . 

I.Ca'.V-,.s  6.741c-0o 

1.062  Oe 

1.737  -06 

1.852  —  06 

410 

3.739.-".» 

J.  7a  J  -)5 

1.936c-C5  1.259l-05 

5.6^8.--Ct 

3.391' -06 

3.595  -06 

••14 

47«  D  ^  "J  J 

,..488';-05 

2.J63E-05  1.962t-05 

9.3ECl-06 

5. 55'.  '  -06 

5. 954'  -06 

1217 

9.  iH!  -<  *> 

-..89  3'  -  5 

3.90ve— 05  2.637E-05 

1.293,  -05 

7.744  -06 

8. 3142-06 

1524 

1.03ot-'4 

7.6',4.  5 

4.673  — Oa  3.218K-05 

1.6163-05 

9.786.-C6 

1.047.  -05 

FLI-hl  .0.  A  HL1.  1  4 

OATH  AGI'.'.U  F.f“  ...TO  T .  AL  T  i  TUi.  -  ( »£  f  TS/STr  ! .  5-3.  »  K  IO'1.  v.  ) 
ALUlUc  1 1  rt  ANGLo  IF  HA  f  h  F  jLHT  10fS''LL  a) 


r:  T i .<a 

>  i 

?  *5 

1 "  > 

1*5 

12" 

150 

\t*. 

.5 

i.  *'+?  -l"> 

a.  3U(-"6 

3.422w-f-6 

1. 605!— 06 

9.499F— 07 

9.966  -07 

MO 

3.  ro—'j 

'•  5 b  -r  > 

1  .C’3h-'15 

6.711  — 36 

3.233! -06 

1.952. —06 

2.049  -06 

.14 

j.  In6  —  h  '» 

1.0?.?. -05 

i.C73t-05 

5.271c-C6 

3.2252-06 

3.407-  -06 

1219 

6.111 

4.0e3  -Pb 

2.  1  i5_->*5 

1.4o?l--05 

7.269--06 

4.49C'  -06 

4.793  -C6 

1524 

6.40/ 

4.nv3'-rt> 

2 . 52oi 

l. 715c-  5 

8.65K-06 

5.3281-06 

5. -.26i  -Ct 

FI  I 

<0.  / ! 

■ML! 

4*.*.  ^ 

PATH  .  AO K A  X 

f  u>y  ;  ‘t*  v>  9  Ti 

\LTITU  . 

.  1  WATT S/3Tt‘  .50." 

FI.T  '.I 

ALllJ'J  t 

'■  T  »  H  A  ,i.L ». 

■  ;F  path 

•  * 

M'.HT  l..FG';n-5l 

v  .T. 

•'  A 

>r 

l'  4 

1 

15F 

1' 

>  ‘b 

4.41  >■  -'a 

^•04 5-  -Oa 

l.?25t- 

h  b 

3.5224-06 

7.911.-"* 

2 . 205 f -06 

2.200  -06 

>10 

6.992  —'5 

4.6a7l-0S 

'>.51<  c- 

.  b 

1 . 6c  1  >05 

7.887  -Oo 

4.501.  -06 

4.450  -OC 

M4 

3.482--  '6 

6.251:'-.  3 

3.627'  - 

6 

2.to9c-05 

1.209!  -05 

6.925  -06 

6.72  7  -L6 

1219 

9. j 1 9h- 7) 

7.4*1  -f’- 

4.6171- 

'3  A 

3.223c- 05 

1.019!  -C5 

9. 329L-C6 

9.044  -u5 

t  y  v4 

1.90.3  2-. 4 

o.3J6  -r  5 

v.  4-  .  — 

3 . 3*76»  -05 

?.OrCc-OS 

1. 1591-05 

1.  127:  -05 

6-78 


A/ IMUIH 

oF  PATH  uF  SIGHT  -  33 

FLIGHT  i. 0.  91 

F  I  LI  Li: 

NO.  1 

PATH  RADI  ANCfc  FROM  >  RiHJ\«  TL' 

ALTITUDE <  WATTS/ST6R.SC.M 

MICRO  M. ) 

ALII  fU'  r 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (D6GREFS) 

htf  8  A 

9J  95 

100 

105 

120 

150 

180 

105 

4.M36-05  2.903r -Os 

1.531F-G5 

1.017P-05 

5.0lir-06 

3.0l4t-C6 

2.626E-06 

MO 

7.3So6-05  5.1791-05 

7.97  >1-C5 

2.04OE-C5 

1.C5C1-C5 

6.5631-06 

5.7986-06 

914 

8. 11256-05  6.9&11— 35 

4.373E-05 

3.1C5E-05 

1.6500-05 

1.0436-05 

9.4116-06 

1219 

9.383E-05  i.OiSf-  5 

3. 4566-Os 

4.0G96-05 

2.1996-05 

l. 392E-05 

1.2676-05 

1574 

1.00.8F-04  6.972C-05 

6.4825-05 

4.9C4E-05 

2.7866-05 

1.804F-05 

1.6466-05 

FLI 

3H1  «0.  91 

FILt  ■ 

..C.  2 

PATH  RAOIANCF 

FRO**  GROUND  Tf 

ALTITUIX* 

ATTS/STER.SO.P 

MICRO  M.) 

ALTI  IU-  L 

l CN1 TH  ANGLE 

OF  PATH  a 

SIGHT  (06'GREEs) 

MM 

9  3 

95 

IOC 

105 

120 

150 

IPO 

395 

4.0UE-03 

2.4766-05 

1.2936-05 

8.6436-06 

4. 3166— 06 

2.641 r-06 

2.2936-06 

6'G 

6. 3906-Os' 

4.3326-1)5 

2. 4716-08 

1.6876-05 

8.607E-06 

5.313C-06 

4.7l9r-06 

114 

3. 0576-Os 

6.0426—05 

3.6316-05 

2.539E-05 

1.323E-05 

8. 202.-06 

7.385F-06 

1219 

9. 21?*F-96~ 

7.39rtr-G5 

4.7366-05 

3 .4026-05  ' 

1.8306-05 

1.16112— 05 

1.0526-05 

13  '4 

9.6372-05 

b. 2126-05 

5.5906-05 

4.1226-05 

2.289E-05 

1.482c-05 

1.3476-05 

alii  Hi  f 

8  •.  T  .As 

FLI '.HI  NO.  91 
'ATH  JAUIANCC  FROM  GUOOSC 
J.NITM  ANGL 
53  )5 

FILf'.:  3C.  3 

TO  ALTITUl'6 1 WATTS/STtR.SG. M 

6  9F  PATH  OF  SIGHT  (DEGREES) 
106  1C 5 

MICRO  M. ) 

120 

150 

J  60 

Ki 

1.0171-38 

I.783L-1 8 

9. 15C6-C6 

6.088E-06 

3. 1 17E-06 

2.082C.-06 

1.8526-06 

MO 

5.0171 — 05 

3. 191“— Os 

1.7086-05 

1 ,1576-05 

5.942F-C6 

3.9546-06 

3.594r-06 

- 14 

6.964.-)3 

A.74  7c-vi5 

2.6536-05 

1.8196-05 

9.5506-06 

6. 448 r-06 

5.9546-06 

1219 

3.7371  -15 

',983.-05 

3.508F-05 

2.4S3S-05 

1.3176-05 

8.9706-06 

8.3146-06 

1824 

H.PV.t  —1  • 

5.013' -08 

4.1 326-05 

2. 9896-05 

1.6426-05 

1.1306-05 

1.047F-05 

FU 

vH7  60.  91 

FILTOP 

.40.  4 

PATH  RADIANCE 

FROM  GROUND  TO 

ALTITUI'elMATTS/STER.SQ.M 

MICKC  P.) 

ALTI  PJ  6 

/  -9 1 1  H  ANGLE 

OF  PATH  'IF 

SIGHT  (O6GRE6S) 

M.  S« 

93 

9‘: 

ICG 

IC5 

12C 

150 

1?C 

)<>5 

l.o.03t-05 

9,248— Ot 

t. 7096-06 

3.142E— Oo 

1.642E-06 

1.1276-06 

9.9666-07 

-10 

7.906.--96 

1.7/3—05 

9. 421F-06 

6.304F-06 

3.325E-06 

2. 2696-06 

?.049l -06 

14 

4.235t-)s 

2. 721'-. 4 

1.4751-05 

1.0I0E-95 

5.3971-06 

3.721L-06 

3.4071- "03 

181  > 

5. 290  —04 

3, 56 1'.-O  5 

1.9-9.—  "! 

1.377--C5 

T^e^-Co 

.199' -C6 

4.793  .-06 

1 5  14 

5. 555E-J4 

3.937)  — C  5 

2.  h  2'  -C5 

1.6176-05 

8.6776-06 

6.131.-06 

5.o28c-0t 

Atnru*  1 

V  T .  S  S 

FU  ,HT  NO.  91 

PATH  .AOIANCt  FiiGv  -.ROUND  T 
FAITH  ANGLE 
••  .  45 

f  IU*  '  ‘‘C.  6 

0  AtT!TU-uUATTS/STHrt*S*i.H 
V.f  PATH  SIGHT  (ufcGXfcES) 

ICO  IC5 

MICRO  P.) 

1  20 

153 

1'C. 

■.  r» 

2.35Rc-Of 

1.2236-05 

8.1C9i-C6 

4.C4CE-C6 

7.507C-06 

2.200t-06 

0 1 0 

t,2.'5— 05 

2.327F-35 

1.5806-0. 

8.0451-06 

4.9901-C6 

4. 4506-06 

M4 

1  m  .  *«0  ~  •* 

4.687*— C5 

3. 3/36-05 

2.349L-55 

1.221:-C5 

7.4955-06 

6.727L-06 

i  il'i 

•  9^37 

u« '33  -  .5 

4, 3C?t-05 

3.0*62-05 

1.6341-05 

1.0066-05 

9.044c-0i 

1  >  * 

J.  ; ! 3.-0 » 

7.5156-05 

5.034E-05 

3.682L-05 

2.0176-C5 

1.249C-05 

1. 127l"05 

6-79 


i 


A2IKUTM  OF  PATH  !  -1  lit  •  1  ; 


f  l  I 

.HI  Mu  A 

H  L  T . 

NO.  1 

PATH  AulANCt 

FUfH  ,K«  U\v  T 

'  ALIlTULEfWAITS/STtH.io.F 

“lc  >C  *-.! 

AI.T1  10  'E 

2.  \ITH  A\JL5 

OF  PATH  11 F 

SIGHT  (!JEG*->9) 

Ft  r  RS 

93 

1  ■> 

100 

U'5 

l?o 

16  ' 

1*  o' 

105 

4.2386-05 

r.oP  h  -f*-> 

l .4370-04 

9.6941  -Ofc 

4.934t--06 

-.090' -06 

?•  f'Zvi  - 06 

>•10 

6.84lr-0*> 

4.  >*.4  '  -0  4 

^  .  r*  IF  1- C5 

l.962fc-35 

1.07.  -.5 

6.727—06 

* . 79F‘ -06 

14 

8.278*--0  j 

6.  550t  -0  *j 

4.  l'7k-C5 

?.990F-r  5 

1.6391—05 

1.057* -05 

9.4U.  -06 

IP!1' 

8*  §»ioe-c* 

7. 4 ; 1 (  -C  *> 

i92*--o5 

3#8*>7F-05 

2.178—05 

1 .406'  -05 

i.267*--05 

1  384 

9.472* -05 

►J. 4521-05 

■5. 158—05 

4.704  - "5 

7.743P-0S 

1.800  -06 

1.646- -C5 

nr 

.HT  mj.  91 

r  i  l  i  •  • 

*.'0.  2 

[ 

'At  H  i  A.)I  A\-('.L; 

pn  h  „‘iru\c  t 

al 1 1  rut  L<*ATTs/sr. .  .b..v 

MICRO  v.  > 

AlillU  t 

7c\‘UH  ANul 

>F  PMn  '  F 

ilOHl  {GST.PFt-'.l 

1 

MrT  US 

•*  a 

3S 

l  Co 

1  .6 

120 

150 

l 

5.  104*->-5 

2.3b:!4— 09 

W25.it— ;5 

8.4061  -06 

4  •  309—06 

2.682* -06 

2.29,  -3b 

.10 

o.  “>lfc-0*.> 

4. 176r-0o 

2.3/PF-05 

1.6351  -05 

6. 5435— 06 

>•321—06 

4.719  —  06 

>14 

7.6d*)F-04 

5.7I5l-C5 

3.4o3f-05 

2.449—95 

1.306- -05 

8.168,-06 

7.385  -Co 

1219 

1.76^-05 

7.044*  —  > 

4.U4,.-;* 

3.281.-06 

1.795—05 

1.141  -05 

1.C52  -06 

i  j  ’4 

9.  17U-0S 

7. 82  >*.-t  5 

5.  i4Pc-G!> 

3.972  —  05 

2. 237—05 

1.4451— C5 

1.347  -35 

Fit 

.FT  .U.  U 

1  !LI. 

.0.  j 

■ATH  :Ah!A-,C. 

F3iy.  H'UnO  |. 

.  ALTITULEUATTS/STf  l.S'.y 

MICRO  M. ) 

ALTIlUlt 

1.  3I1M  ANoLl 

OF  PATH  OF 

SIGHT  (oF0«i.6N) 

y.-r-R., 

13 

1) 

IOC 

i  '•» 

120 

1  v. 

1 

305 

2.«73— 05 

1. 7046-05 

o.  3  1 5 1.-06 

5.945  —  36 

3.1 J0t-06 

2.112  -06 

1.652 .-06 

•ilO 

4.7*J-»f-05 

3.06  '  -  ,> 

1.661)1-05 

1.1231-35 

5.910F-C6 

3.910  -06 

3.696'  -C7< 

914 

6.741'— 0.' 

4.5<i7f-0  3 

2.3756-05 

1.777.-05 

9.431t-06 

6.251—06 

5.964,-06 

1,319 

8.0  31  -’5 

6.79o-  -05 

3.492—35 

2.383.-05 

1 • 2390— 05 

8.629' -06 

8.314—06 

1524 

i  .-i  64 1.-05 

6.502.-34 

4.082—05 

2.  '50—08 

1. 696i;-05 

1.076—05 

1.047—05 

FLIGHT  tsD.  91 

F!LT.  i 

,i0.  4 

path  a  -j "  •  » ;v  ,,  <aiN.;  7 

'  ALTlTt"lE{1rATT$/3Tfc  ;.50.F 

MI  — C  F.) 

ALTirUPL 

7-Miy  ANSI  >. 

or  PATH  or 

SIGHT  (OCt'iEFj) 

M4  T-  fCJ 

i  •  > 

100 

ll.5 

120 

15 

l  *. 

305 

1.576  — 3->  9.122-16 

4.691— Oe 

3.  159F-06 

1.682F-06 

l.l50*--06 

9.966  -07 

tlO 

2.849— '8  1.74U— '6 

0.  187F-C5 

6.2458-06 

3.328E- 06 

2.24C1-06 

2.0491  -Cfc 

-#14 

4.1*3  '  ’. c77(  -06 

1.45CE-C5 

9.953F-06 

3.330—06 

3.583— C6 

3.407*  -C6 

1219 

'•2246-18  5131-35 

1.963F-05 

1.36li,-)5 

7.  >46i.  — 06 

7*  .950'  -06 

4. 793,  -C6 

it/P4 

5.459u— 0.5  3.89  3'— 1  6 

2.2o7P-C5 

l . 5977-05 

8.7371-06 

5.875*  -06 

5.c28  - 06 

H.t  ,hT  .0.  61 

F1LTI  < 

\U.  5 

>A1H 

AI7IA\CU  “HUO 

Tu  ALTITUOEIKATTS/STER.SO.y 

MICRO  y.) 

ALU  fU'F 

2.\U.‘  ANU 

t  OF  PATH  CF 

SIGHT  {DEGREES! 

¥  r  as 

'•D 

100 

136 

123 

15C 

l  S< 

•  to 

t 

>'iy. 

-  2.1'':4«-—  ,5 

l.l47c-05 

7 . 7C2E- 36 

1.910L-C6 

' . 543^-06 

2.200* -Cfc 

1.  I  • 

13. 

-04  3.9i?6f  —  i“> 

J.?14f- >:> 

1.519L-C5 

7.938E-06 

•1.0001-06 

4.450*)  -Cfc 

>14 

T  # 

-o  >  3.  3^  2=-0*.' 

3.21'U-n5 

2.263F-05 

1.205E-G5 

7.5191—  06 

6.  72  7*  -G6 

i 

i. 

113 

~  6.44 

4.C»“  ;“05 

2.939,  -C5 

1.698T-05 

1.002'  -05 

9. 044*‘  -f 

11' 2  4 

3  « 

3  f>  l  \ 

-25  7.073:-0*? 

4.7F  r-05 

3.6291-05 

1.978  —  C5 

1.257-05 

1.127T-C * 

6-80 


AMKOTt'  OF  P4TH  Oh  SIuHT  -  2 70 

FLIGHT  NO.  91  FILTFR  NO.  1 

PATH  RADIANCE  F>0»  oROONC  TO  ALTTTUOEIMATTS/STER.'SC.H  MICRO  H.) 


ALT  I IU06 

2nNl fH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

MET!  RS 

93 

100 

105 

120 

150 

180 

3  >5 

4.  79E-05 

2.  <3671— 05 

1.504E-05 

9.923E-06 

4.7976-06 

2.793E-06 

2.626t-06 

j!0 

7.352E-05 

5.1451-05 

2.943E— 05 

2.0073-05 

1.011F-05 

6.089E-06 

5.798E-06 

>14 

0.833E-05 

6«9b  )!->}$ 

4.350E-05 

3.0786—05 

1.6136-GS 

9.893E-06 

9.411E-06 

1219 

9* J5XL-05 

>).ll4.:-05 

5.494E-05 

4.CloE-05 

2.176E-05 

1.344D-05 

1.2676-05 

15^4 

1.0  '3r-04 

9.  Gr>:  -05 

6.S12E-05 

4.297T-05 

2.742005 

1.722F-05 

1.646t-05 

ALT!  fOi.F 
PtT;  Ri 

FLIGHT  NO.  ”1 

2ATE  ■  ADIANCl  FUN  ..ROUND  TO 
L  M1H  ANGLE 
93  43. 

FILTi'l  >0.  2 

ALTITLlOrlUATTS/ST.’l.SC.H 
OF  PATH  CF  SIGHT  (DEGREES) 
100  105 

MICRO  F. ) 

12L 

150 

1«C 

V'b 

4. 193005 

-'.5686-04 

1.325f-C5 

8.679E-06 

4.1483-06 

2.405E-06 

2. 293E-06 

>10 

4. '37 :-G > 

4.47ST-05 

2.4960  j5 

1. 0853-05 

e.345— C6 

4.9345-06 

4.7196-06 

/14 

4.1010'):, 

6.0791-04 

3.643t-05 

2.5313-05 

1. 0953-05 

7.7636-06 

7.3853-06 

WI* 

9.4493-05 

7.5161-05 

4.7816-65 

3.4013—05 

1.787C-05 

1.089L— 05 

l.052:.-C5 

15:4 

3.363  ;-0.5 

■i.'.ltl1— 05 

4.114,-05 

2.226--05 

1.380E- 05 

1.347.-05 

FLI. 

-HI  NU.  91 

>  IL  f.  ■> 

•;o.  3 

PATH  rAOIANCi: 

F'PM  GROUND  f. 

41  fiTDCKRATTS/STER.SC.h. 

MIGRL  r.) 

ALII  TU'  E 

/’*NI  1  H  AM.ll 

GF  GATn  OF 

SIGHT  ICEGRttS) 

K„Ti.:<s 

93 

95 

>oC. 

105 

12  > 

is.- 

I  :o 

04 

3. 149 £-03 

1.84SE-U5 

).?!•*— u6 

6.0356-06 

2.9o2.-06 

1.U26---06 

1.852-06 

o>0 

5.249r-0:, 

I.JIT-O' 

1.7-j  <16 

1.164*:— 05 

5.766. -Ot. 

3.5491-06 

3.595  -06 

>>>4 

7.J31E-.5 

4.9426-05 

2.  7250.  3 

l.«.426-05 

9.29C--C6 

5.8006-06 

5.954—06 

1219 

8.7512-05 

6.273F-05 

3.616E-05 

2.4853-05 

l.?76c-C5 

H. 0466-06 

8.314;-06 

1524 

.  9.364£-Q5 

7.126C-05 

4.315F-05 

3.C232-05 

1.590C-05 

1.0132-05 

1. 047i-05 

AL  T1  t  U  6 

M  Tr'KS 

FLIGHT  >0.  91 

RATH  RAOIANCl  FRiiV  i.Pi  IJ77C  Tf 
/.  \  1 1 H  ANGLE 
93 

FILTM  NC.  4 

UTITUOLIWATTS/STfcR.SC.M 
OF  PATH  OF  SIGHT  (DEGREES) 
IfiL  105 

MICRO  H. ) 

120 

150 

1"0 

Vt  5 

1 .7106-1 5 

9.  793,  — G6 

4. 929C-C  6 

3.2476-06 

1.617E-C6 

1.0095-06 

9.9666-07 

<.10 

).077t-05 

l.delt-CS 

9.6516-06 

6.433E-06 

3.2506-06 

2.043j— 06 

2.049  -06 

-14 

4j.513fe.-03 

7.  .47?'  -05 

1 .3336-  0.> 

1.0336-05 

5.2336-06 

3.348r-06 

3.407-06 

1219 

5.7005-05 

■>.79- ‘-05 

?.0'.5L~J5 

1.4196-05 

7.3436-06 

4.670F-06 

4.793.— 06 

1524 

4.953’C-OS 

4.2O3--05 

?.4C7r- „•> 

1 .6642-05 

8.748E-06 

5.549006 

5.r24  —06 

ALTI1DI-L 

M.T'RS 

Fllr.HT  r-o,  *1 

PATH  RAUHNCf.  Fn*O.V  JROUf  P  TS 
/  Mlh  AiNJCLr 
♦)3  S»» 

f  ILTo  ')(.’•  5 

ALTITUG. (RATTS/ST6R.SC. K 
OF  PATH  gF  SlGHl  ( DEGREES) 
ICO  105 

MICRO  M. ) 

X2C 

15C 

lt>C 

305 

3. 891 1.-05 

2. 345>  -'35 

l.?)l*-«5 

7.9596-06 

3.3596-06 

2.283E— 06 

2.2006-06 

.>10 

6.313L-05 

4. 2261-04 

2.3250C5 

1.5676-05 

7.0096-06 

4.654E-06 

4.450E-06 

>1*. 

7.S60G-05 

>.79C-  -04 

3.4176-35 

2.3.  6h-C5 

1.2066-05 

7.177E-06 

6.727006 

1219 

8,740.-05 

6.9111—  >5 

4.3386-05 

3.C77O05 

1.612C-C5 

9.653E-06 

9.0446-06 

15. '4 

9,0216—04 

7.532005 

5.0606-05 

3.6.HCO05 

1.983,  -05 

1.Z01E-05 

1.127E-05 

6-81 


A21HUTH  OF  PATH  oK  Si -.HI  = 

FL!  HI  "O.  >1  FILT.  <  NO.  1 

UMjCTIONAL  PATH  ilLFl  t  CTAiCE  FROM  CRUMP  TO  ALTITUOF 


ALT i  tuoe 

McTl-RS 

93 

L  MIH  4,-1'  tt 

s  > 

up  PATH  OF 

17  0 

SIoHT  tOEORFEC) 
ICS 

12C 

ISC 

ICO 

105 

3.90  >£- 

-01 

1.8/26-01 

7  .  54dt— C? 

4.533t-02 

1.9116-0? 

1 .00 If— 02 

9.7496-0 ! 

51.1 

1.2?»F 

00 

4.02V  -31 

1.776fc-01 

I.C32F-C1 

4.  ?>8t--02 

2. 252F— 02 

2.230  -0.' 

>114 

1.391? 

00 

1.04  31-  Oss 

3.  3111.-01 

1.346!  -01 

7. 167  —  02 

3.845fc-02 

1.780— C- 

1  PI  9 

3.7971; 

00 

1.9  3  or  Os 

S.3JSL-  H 

2. 8311-01 

1.C822-01 

5.504E-02 

5.321— C’ 

1‘>'4 

2.139E 

01 

3.6741:  0 

*-* 

1 

J 

• 

vO 

4.C9>6-01 

1.494I-.-C1 

7.456P-0? 

7.21t>!  -0  > 

FU 

CHT  SO.  91 

FILl  -.V  ,L.  2 

01  RFC  T  1IINAL  PATH  REFLECT  A  ICQ 

FRCP  ORuliNC  TO  ALTITUI'c 

ALTI  IU3t 

7  -NI  f  H  ASoL'; 

OF  P4fH  i.F  iir.HT  1 9c GR US) 

PrTCRi 

13 

IS 

109  l>'6 

12  . 

ISC 

l'O 

Hi5 

2.399C-J1 

1.38DL-01 

5.  h  68£— 9/  3.6S3C-02 

I.si2r— 07 

7.9776-03 

7.849r 

-0 

<>10 

•1.9037-01 

3.361F-01 

1.2975-01  7.655.— 02 

3.209F-0' 

1.7012-02 

1.665. 

-c. 

>14 

l . S79l  00 

6. 5531  -31 

2.2606-01  1.272:— 01 

5.?i!lr-0/ 

2.7696-02 

2.6931 

-0 

1219 

4.2432  00 

1 .  1  /5>-  00 

1.5612-01  1.9.U--1 

7.77CE-C2 

4. 043C-02 

3.964. 

-C 

1574 

6.87J  2  0  ) 

1.9167  Of' 

3.100—01  2.7C5.--91 

l.038L:-01 

5.3331-02 

5.247 

-0 

FL 

lOHT  SO.  SI 

FILT!;? 

30.  3 

OIRI  CTI3.SAL 

PATH  REFLECT AnCE 

cRUn  ORc'uTD  TO  ALTITUOl 

ALTI  UK.6 

2 •  MIH  A31.L6 

CF  PATH  OF 

SIoHI  t  JrGPtfcS) 

*vcT  R5 

9J 

95 

100 

i  >5 

12-' 

15  3 

l  u 

:<)S 

1.3316-H 

6.6406-Oc 

7.9096-02 

1.78ot-C2 

7.8321-03 

4.3716-03 

4.648*-  -0  . 

510 

2.  -'373-01 

1.4066-01 

5.8796-02 

3.567—02 

1 .5541-02 

8. 7066-03 

9.178  -O' 

914 

q.92B£-01 

4.5o8L-01 

1.0076-01 

>.9975—02 

2.563.— C2 

1.4586-02 

l . 5>0_-0 ■ 

1219 

l. 3606  Cl 

4.042—31 

1.4366-01 

8.696E-9" 

1.703’—-' 

2.0807-02 

7.208  -0! 

1524 

1.7Q32  Ov 

j.7^9i-01 

1.9636-01 

1.1446-  11 

4. 3122-02 

2 .6896-02 

2.8351-02 

ALTI IUHE 

PCTrp j 

FU  FT  ,0.  51 

nisccrnsai  path  r^fl-cta’ice 

'rNIlH  ANILE 

»;  '/  t 

FILT.”  ’1C.  4 

FROM  ORCONO  TO  AIT! TU06 

UF  PATH  OF  iluHt  ii.l  o!r  ,s) 

IOC  1  .5 

12: 

150 

18-. 

1.;5 

8.201':-'-/ 

1.2186-0/ 

KS11E-C- 

1.198—0? 

5.4946-03 

3.2176-03 

3.3692-03 

610 

1.79/1  -  31 

.1.92  ’2-9 

-.4571— 3*> 

1.1128-0/ 

6.7016-03 

7.0062-0 

914 

1.  >4o  — f.  1 

1.57*.— 91 

6.68h-C? 

4.126—0? 

1.8946-02 

1 • 123F-C2 

1.180  -0." 

1219 

S.  17/—  <31 

7.376  --0! 

9.672r-0 ? 

5 . - 9>j  -02 

7.677  — C2 

1. 5376-02 

1  »081i —  0> 

l->74 

7.30o- -  11 

1.0*r  l  -.’1 

1  •  2 »  »  l  4'  - 1 

7.2 /S' -33 

3.766.-0- 

1.910— r? 

1 • 998—0? 

FU'  HT 

SC.  u 

FILI 

*. .  ' 

OHFCTIOML  PATH 

r.EFi  rcT.s  .c 

'  FSf*  •  \, 

.  ALTITUI'C 

ALTirUJE 

7 

Sifh  AS 

*  jf-  i’  r h  r  * 

I'.HI  (Sh~.  -.0) 

V  T .  8  5 

/  3 

3-> 

, 

1 1 

t? 

15 

1  >1 

305 

2.32' t-  •: 

1.13  ’F-l  l 

'l  •  >3(-  -4 

2 .96(>C  -97 

1.794— C. 

/ . 135F-C3 

7.091.  -o’. 

'51  >3 

6.  1 7c.  K  — J  L 

>.  6**0/  —  !}  1 

1  •  C  Y  F 

6. ’98— 9? 

7. 7S22-C2 

1.5026-0? 

1.472  — C.' 

*14 

l.loc.-  J9 

>.0/9—61 

l.l  3'  1 

1 . 36 Pi —6  1 

4.461'  -0/ 

2.39?' — 02 

2. 293..-0  / 

121'* 

2,774-.  C> 

0.527.-31 

’•7s 

1.  S67---.il 

6.  36?i  -C? 

3.333F-C2 

3. 175. -C 

1524 

5 . 4  /  d  Oj 

1.34  ;-  -r 

i.o 7 

2  •  H3i  -01 

8.340' -02 

4.287r-C2 

4.07/c-CI 

a  >  i  .sum 

CP  PAT,  if 

SIGHT  =  ‘0; 

til- 

.HT  '10.  91 

H  L  f  L  .< 

NO.  1 

ri. 

HCTlUNAL  PATH  REFLECT  A  <C 

-  FROF  GROUND  TO  ALTITUDE 

ALTITUDE 

/EMTH  ANGLE 

UF  PATH  OF 

SIGHT  (DEGREES) 

MFT-.RS 

■11 

OS 

IOC 

105 

120 

150 

IH3 

105 

3.332F-01 

1.576E-01 

6.7HE-07 

4.192E-C2 

1.929E-0? 

1.125E-02 

9.749P-0.' 

nIO 

U '64f-  Oc 

4.230C-01 

l.olOF-01 

9.643E-02 

4.339E-02 

2.553E-02 

2.2306-0*' 

914 

3.02?l  00 

9.339C-01 

3.Ci6t-01 

1.735P-01 

7.436E-02 

4.263E-02 

3.780E-0? 

171') 

7.875-  0  ,, 

1.787F  OC 

4.8926-31 

2.657E-01 

1.0H3E-CI 

5.990E-02 

5.321.-02 

IS  74 

2.070:-  01 

3.2866  00 

7.456t-Cl 

3.842E-01 

1.497E-01 

a.l62P-C2 

7.216S-C7 

HU 

,HT  NO.  91 

ULTPR 

NO.  2 

rrtilUIlMl  PATH  reflectance 

FROM  CRUUND  TC  ALTITUDE 

ALTliU'lE 

/SMITH  ANGLE 

CF  PATH  CF 

SIGHT  (DtGRTCS) 

'•IT  RS 

95 

100 

1C  5 

120 

150 

li  0 

..'5 

7..  VO  2  6-01 

1.  1681—01 

5.142E-02 

3.230E-02 

1.524E-G2 

9.084E-C3 

7.8491  -03 

.  10 

6.9276- Jl 

2.930E-01 

I.165E-01 

7.086E-02 

3.228E-02 

1.893E-02 

1.6651—0  • 

m 

1.0701.  0  i 

5.869E-01 

2.C6oE-01 

1.710E-01 

5.2976-0? 

3.034E-C2 

2.6936-0 

1219 

3. 770L  On 

1.0526  OC 

4.264C-GI 

1.343F-C1 

7.M30F-C2 

4.464E-02 

3.964!  -0  • 

1374 

7. 7o.»!  O' 

1.699C  03 

4.649t-C> 

2.5 54c -Cl 

1.0455-01 

5.917E-02 

5.247, -C 

FI 

1..HT  10.  91 

FlLIt  > 

.0.  3 

UIRECTI'INAL 

PATH  REFLECTANCE 

FRC.M  (  PU 

10  TO  altitude 

ALII  IU11E 

2F.NIIH  ANGLE 

GF  °ATH  . P 

SIGHT  (DEGREES) 

SC  V  RS 

.) ; 

95 

50, 

If  3 

129 

15’ 

lo3 

u-5 

1.072C-01 

5.465E— 02 

2.415-.-C2 

l.ulCt— 02 

7.9/IF-C3 

3.239P-03 

4.6483-0," 

jlO 

2.5115-01 

1.1936-01 

5.1P6F— ip 

3.264F-02 

1.573E-02 

1.0156-C2 

9.1TRF-0' 

9 14 

5.160C-01 

2.221E-01 

9.0l5t-0? 

3.5606-02 

2.630E-02 

1.694E— 02 

1.5501  -0? 

1-  19 

9. 102E- 1 1 

5.3091-01 

1.335.,-i'l 

8.068P-02 

1. 771F-07 

2.410--02 

2.208l-0< 

13  74 

1.46U  On 

4. 9.196-0  i 

1.7-.4.-U 

l.062:-01 

4.fid9E-02 

3.1041-02 

2.835---07 

FLI 

,HT  \<J.  91  FILT.  !  ,'C.  4 

w 

I R,  CTI'.'NM 

A f .5  IrFLPCIAiC-  HSC.H  GML’.ND  TO  ALTITUDE 

AITtru  E 

/c-SI  1  H  AV.,|.  6  GF  PA1H  >  SlCHf  (DEGREES) 

«cT.‘R5' 

■1  < 

;  9  to.  icj 

12G 

150 

1?C 

‘5 

6.77/.-U2 

5.55  3'  —92  1.6<.7l-07  l.l00i-02 

5. 6196-03 

3.818r-r3 

3.369E-03 

..10 

1.3416-01 

/.  77.L-3'  3.5696-07  2.308F-02 

1.164E-02 

7.7896-03 

7.006E-03 

914 

7..l94r-jl 

1.3., 16— .1  6.07m— 07  3.8826-02 

1.939E-C2 

1.296C-02 

1.180, .-07 

1219 

4.o5t ;-0i 

2.0, ,36— •'!  5.Qu3h-C'3  3.355E— 02 

2.746C-C2 

1.837E-C * 

1 .681—8  % 

15  ’4 

<>.  5  3M  -Jl 

..372, -Jl  1.0535-01  6.6466-02 

3.352L-02 

r.l9tJE~C<: 

1.993--0: 

ALTIiU-E 

V6T.~R  ' 

ri.I'.HT  .'.fj.  91 

DlP'-Cf  I  ML  PATH  PEHLFCT«,CC 
/ 1  I r h  anclc 

1  j  9  5 

rlLT-  >-  90.  5 

F9.v  C.p.  'UNO  ro  ALTITUDE 

CF  PATH  CF  SIGHT  (0EG<6FS) 
1.3 

12.: 

153 

1  C 

5,-5 

34ii-‘,l 

1.9  >M -01 

4*477; -e? 

2.827c-  12 

1. 3371 — 07 

8.09SF-33 

7.0912-03 

,  10 

■..575.  -51 

>.479|-01 

5.917 c- p  * 

6 .CdOc-l > 

7 • 807E-C2 

1.645P-C2 

1.4726-02 

U4 

1. 7366  00 

4.635L-01 

W709.-M 

t.OltP.-'ll 

4.3256-02 

2.5B8E-02 

2.2932-0C 

171> 

.'.17-  GO 

7.797"-91 

'*•  3«fO*--s*  t 

1.487,-01 

6.419**02 

5.593F-C2 

’.175-C 

13.'4 

4.  127i-  00 

1.239'  0 

3.  0061--  1 

2.0076-01 

8.414C-02 

4.655-  -02 

4.077, -C 

A/tMOIH  CF  PATH  CH  SIGHT  »  1  b'J 

FLI»HT  ,VU.  -1  FILT.l  .0.  1 

9IRFCTI0NAL  HATH  R6FLFCT 4\CF  FRP3  (WICND  TP  ALTITUDE 
ALTI  THUE  /  -NT  1 H  ANOLL  CF  PATH  IF  ,1„HT  (PFC'-rF.-J 


MLTLRS 

9  3 

05 

100 

lb5 

12.. 

150 

IbO 

3  15 

1.0 61* -di 

1.45/.—  01 

6.345E-0? 

3.996F-02 

1.9196-02 

1.153F-02 

9.749  ,-C 

510 

9.  ldb-01 

T.OoOF-Ol 

1.526C-01 

9.2  70l-02 

4.3292-0? 

2.6176-02 

2.230.-3 

914 

2.S35i  00 

C.78th-0I 

:.sh3l-.,i 

1.673F-01 

7. 3E8b-02 

4.3206-02 

3.7801  -C 

1210 

7.394F.  ») 

1 .6  '4.  O  J 

4.6o5i-01 

2. 5576-01 

1.073F-01 

6.G5 1'- 0? 

•3. 3215-0 

1524 

1.045.  HI 

i.OOt1  Ci. 

7.C  '.Jf-.l 

3.686r-01 

1.473f-01 

8.141F-C2 

7.2161— 0 

ALTITUDE 

FL1.F1  At,,  'll 

OlRfcCTIONAL  PATH  Ri  FL‘  C TAnCL 
1  HUH  AWE 
93  >-> 

FILIi-R  NC.  2 

FROR  G.irijND  TC  ALTITUDE 

OF  PA1  Fi  OF  SIGHT  (DtG'SFs) 
1TG  1C5 

122 

15.' 

10 

j  35 

2.279c-0l 

1.112.-01 

4. 9*). lb-02  3. 142E-0? 

1.5216-0? 

9.2256-03 

7.849.  -0 

310 

6.56CF-01 

2.78  .6-01 

1.1186-01  6.3662-0? 

3.204E-0" 

1 .895  -02 

1.665..-0 

114 

1.580t  O.i 

J.531--U 

1.974F-01  1.1676-01 

5.2296-C? 

5.0'2L-C2 

2.693  -0 

1219 

5.586b  00 

1.001'  0  . 

3.1 248-0 l  1 .7786-01 

7.682E-0? 

4.3 85F-02 

3.964  -0 

1524 

7.391C  Ov 

1.619!  CO 

4.450b— 01  2.4426-01 

1.C22E-01 

5.769F-C2 

5.247.-0 

ALTITUDE 

1'cTFR: 

FLl.HT  '.0.  91 

0HFCT10NAL  °ATn  ReFLECTAxC 
/.•  NITH  ANcLE 
93  35 

FILTER  NO.  3 

c  FROM  GROUND  TO  ALT1TUDF 

OF  PATH  OF  SIGHT  (DEGREES) 
!9C  105 

120 

1  5 .. 

T?0 

305 

1.0196-01  5.2186-0’ 

2.4306—3? 

1.575E-0? 

».006E-i>3 

5.3156-03 

4.648r.-C 

510 

2.398F-C1  1.1441-31 

5.C12E-0? 

3.183E-H2 

1..5655-C? 

1.004F-0? 

9.17b  -0 

914 

4.93U-C1  ’.147.— Cl 

3.7491-02 

5.4316-92 

2.5976-0? 

1.0426-92 

1.550  — C 

1219 

->.-206- '1  3.399F-01 

1.2956-Ul 

7.875E-02 

3.O936-02 

2.3186-02 

2.208-  -0. 

1524 

1.4116  00  4.8216-01 

1.724E-0I 

1.030E-01 

4.752E-02 

2.962F-02 

2.835,-0 

FLI 

.*h r  \c.  7i 

Fit).* 

'■0.  4 

31  R’.CT i.inal  faff  REFLECTANCE 

PROP  vRCUND  TO  ALT1TUDF 

ALTI  i  U..E 

ZiNJIH  ANCLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

X-  TO  IS 

n 

•'8 

lot' 

1C5 

120 

15C 

1  *.  b 

3.5 

6.O56C-02 

3.5b‘  u’ 

i.<;8lE-0  •• 

l • 106E-02 

5.756E-03 

3.897E-03 

3.3696-0  3 

j!  0 

1. 5llfc-i.il 

/.6?7f  -0- 

5.513L-02 

2.286F-02 

1.166n-P? 

7. 6886-03 

7.00r,b-03 

514 

2.64ufc-Jl 

1.356—0 1 

3. 972c-02 

3.827L-02 

1.915C-02 

1.248E-02 

1.18C  -0' 

1219 

4.5976-01 

".0536— '11 

3.6856-02 

5.491E-02 

2.705E-02 

1.7496-02 

1.681  — C.- 

1524 

6.2252-0  L 

Z • 62^L“D 1 

1. 0736-01 

6.760E-02 

3.306t-02 

2.106E-C2 

1. 998.-0 

_ _ 

_ FLIGHT  NO.  91 

FILI.  ,  .'TO.  5 

DIRECTIONAL 

PATH  REFLECT  A  (CF 

FROM  GROUND  TC  ALTITUDE 

altitude 

ZrNITH  ANCLE 

Ur  PATH  t.F  :,I7HT  (DEG7FE  S) 

Pl-TCRS 

93 

95 

i04  (C5 

120 

15b 

IRC 

305 

1.832b-0i 

9.323F-0? 

4.1 9,'t  —  0?  2.oD0i-92 

1.317!  -02' 

8.228' -03 

'  09  1- 

■  10 

5._01c-01 

?.2»lc— U 

5.4  '62-' 2  5.852c-02 

2. 770—  0? 

l.b63i -02 

1.4/2, 

-0 

/ 14 

l.lb7b  90 

4.337E-C1 

1.6316-01  9 . 790E-02 

4.465C-C2 

2.5976-02 

2.293. 

-0  1 

121  i 

2.3641.  00 

7.349L-01 

2.451 b— 01  1. 4241-01 

b.2rC' — 02 

3.579F-02 

3.175P 

-0? 

1524 

4.523b  00 

1.137E  09 

3.40oL-01  1 .9196-01 

R.25G.-C? 

4.6496-C2 

4.977: 

-0. 

6-84 


A2IMUTH  OK  PUH  Lf  S I  OUT  *  ?70 

FLIGHT  NU.  '<1  FILICR  NO.  1 

II PELT  IL’NAL  PATH  REFLECT AMCC  FP.OM  GROUND  TO  ALTITUDE 
ALTITU  it  2ENI1 H  ANGLE  OF  PATH  Of  SIGHT  (DEGREES) 


METERS 

93 

95 

100 

105 

120 

15C 

180 

505 

3.308E-01 

’..053E-01 

6.638E-02 

4.069E-02 

l. 8476-02 

1.043E-02 

9.749E-03 

610 

1.066F  00 

4.219E-01 

1.594F-01 

9.4856-02 

4.178E-02 

2.368E-02 

2.2306-0? 

414 

3.0256  O’! 

9.326F-01 

3.02?6-<.l 

1.719F-C1 

7.2706-02 

4.045E-02 

3.780E-02 

1219 

S.OloL  00 

1.809F  00 

4.926E-01 

2.6626-01 

1. 0716-01 

5.782E-02 

5.321F-0/ 

is: ’4 

2.1011  31 

3.321..  00 

7.491!-- 01 

3.E36R-01 

1.472E-01 

7.791E-02 

7.216E-C 

ALT  1 1 UPP 

y  TrRS 

FLIt.hT  *’0.  91 

DIRECTIONAL  PATH  REFLECTA!  CE 
26NI TH  ANGLE 

9  3  99 

FILTER  NC.  2 

from  c»t;u.o  tu  altitude 

OF  PATH  IF  SIGHT  ICbGIFEj) 
ICG  105 

120 

151 

11  C 

'  it» 

2.5118*01 

1.2111-01 

5.2478— u/> 

3.243E-02 

l .4646-02 

8.272E-03 

7.849t-03 

*>10 

7.03  7E-0 1 

.'•9868-01 

1. 176E-C1 

7.C76E-02 

3.129E-02 

1.757C--02 

l.665c-0>. 

U4 

1.6871  00 

..9056-01 

2.073E-GI 

1.2C7E-01 

5.1 87c-02 

2.872E-02 

2.693  "--0? 

i  n  i 

3.867b  00 

1.072E  00 

3.294L-01 

1.843C-01 

7.6458-02 

4.135E-02 

3.964**0 

7. 96?..  01 

1.730-  06 

4 . 6886-01 

?, 9296-01 

1.017E-01 

6.509E-02 

5.247!  -07 

FU 

jHT  NO.  91 

FILTb"’ 

■l(..  3 

DIRECT  10NAL  PATH  R..FLEC f A;.CE 

FROM  CRI'uNU  TC  ALTI1UDE 

ALTITUDE 

7  -NIIH  ANGLE 

OF  PATH  OF 

SIGHT  IDFGRLESI 

M:  TcRS 

-3 

95 

100 

105 

120 

150 

100 

535 

UU9£-01 

5.649E-02 

.2*5576-02 

1.612E-02 

7.573E-03 

4.596E-03 

4.6488-03 

610 

2.626E-01 

1.239E-01 

5.315E-0? 

3.299F-02 

1.527E-02 

9.113E-03 

9.178F-03 

914 

5.416E-01 

2.3135*01 

9.261E-C? 

5.6306-02 

2.558E-02 

1.523E-02 

1.5505-0; 

1219 

9.u4  7r—  01 

3.679b-01 

1.376E-01 

8. 1961— 02 

3.654E— 02 

2. 162E-C2 

2.2031-0? 

1524 

1.543.,  30 

3.2195-3 1 

1. 636E-01 

1.C75L-01 

4. 733E-08 

2.7A2E-02 

2. 6355-02 

r'LI 

>M  GO.  i  1 

FILTER 

NG.  4 

DIRECTIONAL  path  reflectance 

FROM  GROUND  TO  ALTITUDE 

ALTITUDE 

I,'m«  AVGLE 

OF  PATH  OF 

SIGHT  I0EGKEES1 

METERS 

7.3 

9  9 

IOC 

105 

129 

15  3 

180 

305 

7.2272-J2 

1.76*5-0-' 

1.7o6E-0  ' 

1.13  76-72 

3.534E-C3 

3.4166-03 

3.3692-03 

olO 

l.'.3.:t-ui 

1652—3? 

3.696E-C.’ 

2.355c— 02 

1.1383—02 

7.014L-03 

7.CC6,  -0. 

714 

3.083C-01 

1.451E-C1 

6.316F-02 

3.4716-02 

I.U96E-C2 

1. 166F-02 

1 • 1809-0  * 

1219 

‘>..',14= -01 

2.???f-01 

9.227E-C2 

5 • 724c— 3? 

2.7045-02 

1.6535—02 

1 • c8 1 t -0 ■ 

1524 

6.7895-01 

?.43oi—  31 

1 . 144E-01 

7.044E-02 

3.3036-02 

1.989E— 02 

1.99PC-0? 

FLIGHT  NO*  01 

DIRCC  TIUNAL  PATH  RsFLECTA'CE 
ALIITU'E  2 *,1 1 1 H  AKGLt 

MET!  RS  93  75 

FILT--1  \G.  5 

FROM  GRCLNO  TO  ALTITUDE 

UF  PATH  uF  SIGHT  (DEGREES) 
lor  135 

120 

150 

IRC 

505  2 .0486-0 1  i.005E-'ll 

4.431F-0’ 

2. 7706-02 

1..277F-02 

7.3876-03 

7.091E-C  , 

olO  5.57,6-01  2.441L- 11 

9.9076-0.- 

6 .04CF-02 

2.725'  -02 

1.553E— 02 

1.4726-0? 

■U4  1.263b  30  •>. 7196—31 

1.711E-01 

1.C24E-01 

4..76t-C2 

2.478E-02 

2 . ?93r-0" 

1219  *.3506  00  7.3671-C1 

2. 6026-01 

1. *916-01 

6.3346-02 

3.449E-02 

3.175  -0 

1524  4.8796  03  1.2196  01 

3.6C42-01 

Z.C01E-C1 

8. ?69b-02 

4. 4402-02 

4.0771  -0  ' 

6-85 


FLIGHT  92 


Moonlight  (approximately  one  and  one-half  days  before  the  quarter  moon).  The  flight  pattern  was  from 
Lop  Buri  to  approximately  40  km  west  of  Sing  Buri.  The  terrain  was  flat  (river  delta  country)  and  cultivated 
with  rice  paddies;  and  there  were  also  small  scattered  settlements.  This  was  the  dry  season  (March) 
when  crops  had  been  harvested,  ground  cover  had  yellowed,  rice  paddies  were  dry,  and  the  stubble  was 
being  burned  off.  The  atmosphere  was  free  of  clouds  but  hazy  at  the  lower  altitudes.  Data  were  recorded 
from  just  after  midnight,  0031  local  time,  until  0253.  The  moon  phase  angle  was  70°;  the  moon  zenith  an¬ 
gle  during  sky  radiance  data-taking  ranged  from  74°  to  54°. 
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FU6HT  NO. 92  FU1ER  NO.  i 


alimuce 

CCHN- 

ififirjT5TWCFfv,msAsr;p;FTrnrK;i — 

UP-  SCALAR 

SCALAR 

SCALAR 

SCALAR 

(RE7U1S) 

WELL  INC- 

HELL  INC 

ALEECO 

CCHKNELLINC 

LFHELLINC 

7C7AL 

AIEEFC 

164 

7.S4’f-u5 

6.766F-C6 

.oes 

1  E41E-C4 

2.271E-CJ 

2.C6EE-C4 

.123 

47; 

1.tWt-C4 

1.214E-C5 

.KS 

2.E14E-C4 

4.CS2E-CJ 

3.21SL-L4 

.144 

7  i  ! 

1.3Sll-'4 

1 • 774E-C  5 

.131 

3.222E-C4 

6.C42E-CS 

2.F27F-C4 

•  1 E7 

lCfct 

1.133P-04 

7.C75E-C5 

.236 

2.74CE-C4 

{ .37  1E-CS 

3.57EF-C4 

.3CS 

1 374 

2.175L-04 

3.626  E-C  5 

.162 

4.634E-C4 

1.CSEF-C4 

£ .732E-C4 

.237 

S7c  7 

-C’«- -C4 

4.464C-C* 

.£47 

6.261L-C4 

1.22CE-C4 

7.SS1F-C4 

•  212 

ALTITLCE 

CCHN- 

FL’  .  NC.S2 

lPRACIANCELh/m/SC 

UP- 

nrr*»T5E77 

•f.p  car.  r>.  j 
sc4ti>*“  " 

SCALAR 

SCALAR 

SCALAR 

LRiSlfcRS) 

CELLING 

HELL  INC 

ALBECC 

CCHNUELL1NC 

LPHELLING 

7C1AL 

Al E  EEC 

170 

a. 6J5*-05 

S.C76F-C6 

•  ICS 

2 .CE5E-C4 

2.727E-CE 

2.35EE-C4 

.121 

472 

1.22CC-C4 

1.71SE-CF 

.141 

2  c  245F-C4 

5 .446E-C  5 

2.7ESE-C4 

•  1 6  f 

77E 

1.4<H  -04 

2.264E-05 

•  1  £  4 

2.613FT4 

iriTu-ti 

4.347E-C4 

•  7C  2 

1C65 

l.C4f  L-04 

3.14CE-CS 

.  3  C  C 

2.63SF-C* 

S.7E4F-CE 

3.617L-C4 

."71 

1381 

1.999E-G4 

4.C8CE-C5 

.2C4 

4.6C6E-C-- 

1.225E-C4 

5.E2CE-L4 

./tt 

1706 

1.693L-C4 

4.E5SF-C5 

.217 

2.768L-C4 

1.422E-C4 

5.1SLF-C4 

.’7f 

FLIGM  NC.S2 

FILltiL  NC.  3 

IRRAC1 ANCE (H ATI  S/SC 

.F.N1CRC  R.7 

ALTITUCE 

CCHN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAL 

1RETERS1 

HELLING 

HC1L INC 

AIEECC 

CCHNWELLING 

LPHFLLINC- 

7C7AI 

ALEECr 

167 

1 .C83C-04 

2.3S1E-C' 

•  2  21 

2.C71E-C4 

6.361E-L5 

?.7C7t-C4 

•  2C7 

472 

1.38CC-04 

2.C22E-LJ 

.2CS 

4.C51C-04 

7.7S6E-CE 

4.e31E-C4 

.192 

779 

2.C25L-04 

3. 7191-05 

.164 

E.268E-C4 

1.C69E-C4 

6.337E-C4 

•  2C2 

1C64 

1.996E-04 

3.9C4E-C5 

•  1L6 

4.667E-C4 

1.14SE-C4 

E.816E-C4 

.246 

1377 

2.5S6’:-04 

5.C54F-CS 

•  IS  5 

t .9  86E-C4 

1.464E-C4 

7.45CL-C4 

•  24E 

4LTI7UCE 

.  UN- 

FLIGK7  NC.S2  FIL1LR  NC.  4 

1RRAS  JANCMHATlS/SC  .N'.i'iCRC  ¥.) 
UP-  SCA1AR 

SCALAR 

.  CALAR 

1 C  A  l  A  - 

(Ft  ICRS  i 

hFLUK 

R: FLINT  AIEECC  Cu  HNHE  t  L  INC 

LPHFLLINC 

7C7AL 

ALFECl 

R! 

467 

ns 
:  rtc 
u?c 

'7C4 


FL IGhT  NC. Si  "f  It  1  f R  Nti"  S 

IRRACIANCE(NA77S/5t.»'.PICRC  R.  > 


ALT1KUE 

CON-- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(RE  ICRS! 

HELL  INC 

HELLING 

ALEECC 

CCHNHELI.  INC 

UFHEllING 

U'.AL 

AIEECC 

1 7  C 

1.2C7I-U4 

1.337F-C5 

.111 

3.1 1C E-C 4 

4.C6SE-C5 

3.517S-F4 

.131 

466 

l.>fl  -04 

1.9EEE-C5 

.141 

2.46CE-C4 

f  .SC3E-C5 

4.C51E-C4 

.171 

776 

1.477E-04 

? .575E-C  5 

.174 

2.A72E-C4 

7.SJ4E-CE 

4.468E-C4 

.217 

1063 

1.4°4. -04 

3.453E-C5 

.222 

3.4S2L-C4 

i.cicr-c4 

4.542F-C4 

.3C1 

1376 

2.36S:  -t  4 

4.C89E-C5 

.173 

E.4ECC-C4 

1.242E-C4 

6.6S4E-C4 

.22E 

16S7 

2 .3936-04 

S.C7C.--CS 

.212 

5.C77E-C4 

1.4E7F-C4 

6.S34E-C4 

.267 

6-88 


FLICF7  ’C.  9; 

AZIH/TF'CTT FMt  Cf  5IGFf  = 


CINECTICFOL  K£FL(CT4i>C£  CF  rzCKGoCCNC 


zenith 

riii6»£ 

. . . 

. . 

INClt 

l 

/ 

e 

*» 

93 

.79(15 

.  E  C  2  C  5 

.utu 

1.574CC 

95 

.(421C 

.(27£7 

.( 29C2 

100 

.45065 

.2£/’2 

.2C9C4 

. (2  ICC 

105 

.21249 

-  2  2<=  1  7 

•  22  til 

.29EC5 

120 

.  1C297 

. 1 24 1 2 

.  1 2  f  f  i 

•  2CCC4 

_ !?<?._  _ 

.0592fc 

.03(2 

•  COG’ 

.  C  G  3  G  7 

leo 

.04621 

.07(7 

.  C  *  9  ( 2 

.  1C33G 

Ft  IGF  I  NC.  92 

31JWIB.  C»  FATF  CF  SIGHT  *  G C 

DIRECT  ICN'ZL  P£FlfCl»FCr  CF 
Z6MTH  _  F  IITEFS 

F7CKC0CLNC 

UNCLE 

1 

i 

5 

7 

_  ..,92 _ 

.43  0? 

1.12151 

.54(7) 

95 

. 

.29(0 C 

•2C4C2 

.4*951 

.2  1C  27 

_ .15.0 . 

ti((ce 

.  1955( 

.1021 

.2  IGF 4 

105 

•\<\4c 

.142CC 

.  122f F 

•  1 M  27 

12C 

•  CF  2 1 ) 

.  C  G  (  (  C 

.  1275C 

150 

.C5512 

.ctus 

•C5C94 

.  C  G 1 1 5 

_ JL&1Q _ 

_ 

.077(7 

_ •  C.-5.4? — . 

•1C23G 

FLItM  NC.  92 


42INUH  CF 

MIF  CF 

SIGHT  ■  1 FC 

. XlAtUJLCMk . ?.t  F.t.FC  T  «  NC  e.  .c  F_  J.Z.C  K  C  f 

■cue.. . . 

ZENITH 

F  UTERS 

.At t6.lt . 

1 

2 

92 

.27222 

.29295 

.25547 

.'(5612 

95 

.?et  1 1 

.4'  1C 

.2C4E4 

. 5  tCt? 

ICO 

.  1CE77 

.2. >4( 

.19421 

.27427 

1C5 

.  153CG 

. 19(92 

•  1  5  7  2C 

•25154 

120 

.11599 

.114  IF 

.11(25 

•2C92G 

150 

.05975 

.oe5c: 

•  C  F  F  5  7 

.13?  17 

. 1'80 

.04621 

— . 'VC7TCT - 

‘.fi’-fl 

.10729 

FLIGHT  NC.  92 

4ZINL1H 

rf  PMh  cf 

SICHT  »  27C 

F RCKORCt NC  ' 

Cl  SECT  ICML  REFLECT  1NCE  CF 

ZENITH 

f  ILTf.  RS 

4NGLE 

93 

.29741 

2 

•3C129 

5 

1 

95 

. 19(97 

•  2  1 5  C  9 

•  2  C  E  (  F 

'  .  2XVC5' 

IOC 

.11632 

. 1 39GC 

.15217 

.22427 

105 

. C974  7 

.114*4 

•  ?  2  4  C  2 

•  !  94  2C 

120 

.  C  (  9  2  C 

.  1 1  C  22 

.  C  9  C  (  2 

.1417C 

150 

.CC3t 1 

•c^ecs 

.  C  4  5  C  t 

*C  F(42 

18C 

.  C  4  2  2  1 

•  C7  7 (7 

•  C  5  9 1 2 

. 1 C  329 

6-89 


’date  3C9 69  FlIOFT  RC.  52 


crclrc  irvri  iiinirr  <  m.»» 


24 


llf*l 


"ALTITUDE 

TOTAL 

SCATTFP1FC  CCf FFIC1EKT  (FFR 

Kr  tf  r  7 

(MEIERS) 

FIUf">  1 

i 

2 

4 

(- 

C 

1.7E9E-C4 

1* 12rC-04 

6.97SE-C5 

1.E75E-C4 

3C 

2.216E-C4 

1 *7f 3F-C4 

1.126L-C4 

6.955E-C3 

1.E691-C4 

£1 

2.2C6C-C4 

l.777r-C4 

1.122E-C4  " 

6.931E-C5 

l.£63F-C4 

91 

2.2CCE-C4 

1.77U-C4 

1.U41-C4 

6.5CPE-E5 

1.E56L-C4 

122 

2.  192t-C4 

1.7E5S-C4 

1.  115E-C4 

6.E85E-C5 

1.850E-C4 

152 

2.1E61-C4 

1  .755r-C  4 

1.11IE-C4 

6.E62E-C5 

l.€44t-C4 

163 

2.17EC-C4 

1.773F-C4 

1.K7E-C4 

6.S48F-C5 

l.£3£f-C4 

213 

2. 143E-C4 

1.767t-C4 

l.lC4t-Ci 

6.54EE-C5 

1.EC4F-C4 

244 

i.icee-c* 

1.692F-C4 

1.CE5E-C4 

6.734E-CE 

1  *  7761-C4 

274 

/.C42L-C4 

1.547t-C4 

l.E45:--C5 

6.3C9c-f5 

1.722L-C4 

3C5 

1.9.CI -C4 

1.413E-C4 

1.CC6L-C4 

l.fCCI  -C5 

1.693E-C4 

335 

1.69CE-C4 

1.366E-C4 

f  .914E-C5 

5.492E-C5 

1 .5 25E-C* 

366 

1.S46E-04 

1.432F-C4 

E.619E-C5 

5.4E2L-C5 

1.35E E-C4 

396 

1.518L-C4 

1.4£7t-C4 

C.654C-C5 

5.73CE-C5 

1.3191-C4 

427 

1.6C5E-C4 

"  1 .525"t-C4” 

”-<;r47f-c:" 

5.EE3V-C5 

1.3591-C4 

457 

1.671fc-04 

1.523E-C4 

9.227F-C5 

5.E71E-C5 

1.41SE-C4 

4  88 

1.YC7E-C4 

r.T47r-T4 - - r.TTTr- c* 

1.446E-C4 

518 

1.6T3E-C4 

1.568E-C4 

9.294E-CE 

5.62SE-C5 

1.4C41-C4 

549 

1.644E-C4 

. r;52FE-C4" 

••-?.7f55E-Cr*" 

-'S.t  96F-CF 

1.375T-C* 

579 

1  .579F-C4 

1.449E-04 

-9.44EE-C5 

5.617E-C5 

1.375E-C4 

61C 

1.57EE-C4 

1.TCTE-T4" 

— 72-3T9r-Tr— 

~ r.mr-Ts- 

1.293F-C4 

64C 

1.555F-C4 

1.354E-C4 

9.C55E-C5 

5.573E-C5 

1.38IE-C4 

"  671 

1.556E-C4 

'  KTerr-CA  "- 

- T.TETFiCS - 

SY464T-C5 

TV4TCE-C4 

7C1 

1.568E-C4 

1.372E-C4 

E.ES1E-C5 

5.476E-C5 

1.442E-C4 

732 

1.59CE-C4 

1.36CE-C4 

c.5i7r-cr 

5.E79E-C5 

1.475E-C4 

762 

1.7C7t-C4 

1.351F-C4 

E.E46E-C5 

5.6E.-E-C3 

1.457E-C4 

792 

1.736E-C4 

1.337S-C4 

E.7E5E-C* 

3.668E-C5 

1.39EE-C4 

823 

1.667C-C4 

1  *3441  -1  4 

E.E2CE-C5 

5.691E-C5 

1.3E4E-C4 

€53 

1.C36F-C4 

1.372E-C4 

E.f EFE-f 5 

5*.£22E-C5 

1.437E-C4 

884 

1.617C-C4 

1 *4121-64 

l.ESM-CE 

5.648t-C5 

1.421E-C4 

514 

1.615F-C4 

1.51CE-C4 

lm> C7E-C5 

5.64CE-F5 

1.4C5E-C4 

945 

1.61CC-C4 

l  *4€U-t< 

2.S14E-C5 

5.6ECE-C5 

1.394E-C4 

9  75 

1.594E-C4 

1.432E-C4 

5.21ic-Ci 

5.74EE-C5 

1.2H1E-C4 

1CC6 

1.572E-C4 

1.297L-C4 

9. -25F-C3 

5.632F-C3 

1.352E-C4 

1C36 

1.5691-C4 

1.3ECE-C4 

6.C  5 it-Ci 

5.6K1-C5 

1.3611-C4 

1C67 

1.5‘lf-C4 

1 .  ?  7 1 '  -  C 

6 . 1 12c-f  5 

5*652 t-£5 

1.347E-C4 

1C97 

1.562C-C4 

1*3661 -C4 

1.2371-C* 

5.5A4F-C3 

1.35CE-C4 

1128 

1.5S7r-C4 

1 .25S1-C4 

6.3f 7E-f 5 

6.595E-C5 

1.337E-C4 

1158 

1.5?1C-C4 

1 .3641 -C* 

S.527F-C3 

5.5 E2F-C5 

1.345F-C4 

11€9 

1.5KE-C4 

1 .3S2l-v* 

6  .  I1  6  *  — C  5 

5.547E-E5 

1.341E-C4 

1219 

1.5C6E-C4 

1  *455t-C4 

f. 542  -Cl 

5.57U-C5 

1.362E-C4 

125C 

1.46;c-C4 

1  .471E-C* 

f.42fl-t£ 

6.493E-C5 

1.392L-C4 

126C 

1.4SEE-C4 

1.361E-C4 

t  .417I-C5 

:..454t-£5 

I.446E-C4 

1311 

) .  53Sc"C4 

1 »2c4i 

<  *4].'E-6i 

«  .1  lCt  -13 

1.49IE-C4 

1341 

l.e£F:—C4 

1.2E7F-C4 

1  •  62 1 t-C  5 

5.E47F-C5 

1.48f E-C4 

1372 

1.73CE-C4 

1.2E5-— 

t.t 77E-C* 

f *C4?t-C5 

1.527F-C4 

14C? 

l.t"7i.-C4 

1.32U-C4 

S. ir?F*C5 

t.24tr-C5 

1.62SE-C4 

1433 

!•<:  Hk.*- C4 

1  *<Ct  6-v.A 

6*:)2‘-c: 

6 • -C  5 

1.542 E-C* 

1463 

1.962.--G4 

l  .if ’*-(.4 

6*755 E-C5 

1.642E-C4 

1454 

1.616F-C4 

1 .6 li--f4 

5.42i'.->.t 

£.73r: -15 

1.6771-C4 

1524 

1  .‘.f  7.--04 

1.546— C4 

5 . 1 1 9C -C  5 

£.*571-15 

1.75JF-C4 

1554 

t.‘.li-i.4 

1  *£3U-t< 

5.7*6  -ft 

f  .7fEr-C5 

I.f57l-C4 

1565 

2.‘  72E-C4 

1  .3265-14 

*54C  c 

7.£l':t-c5 

1.7371-C4 

1615 

1*5755-04 

1.12fi-C4 

9. {<'..-£« 

1.625E-C4 

1646 

)*v52f-f.4 

1  ,565i-C4 

l.C2>t-C4 

“£  .Tl7f  -  C5 

1.57Ci-C4 

lt76 

2.C1 2F-C4 

1.S13I-'* 

1.12.:E-f  4 

f .3C31-C5 

i.*2<r-£4 

17C7 

1.E6EE-C4" 

1.SCFE-C4 

1.126T-C4 

f ,e€2r-C5 

i.sisr-CA 

1737 

1.862E-F4 

1.5C3F-C4 

1.127.-C4 

C.261E-C5 

1.5141-C4 

“  176? - 

" 

3.3T66-C4 

'  I.45EF-C4 

i.mr-e4 

€.24Cr-Cf 

1.5C9E-C4 

179* 

1.84SF-C4 

1  .492E-C4 

l.USE-C* 

f .2 ISf-CE 

1.5C4E-C4 

1829 

I 

1.4EPE-C4 

I.T11F-C4 

E.19EE-CS 

1.499E-C4 

FIRST  EA7A 

At  T 

±  e 

L 

f 

c 

7 

LAST  CATA 

fit 

.  57 

Si 

56 

56 

56 

6-90 


FLIGHT  NC.  9 2  FILTfP  NC.  1 

'  t  uir-msmTmtv  r  ircr-cuccKr tt  m  i  tutt  ~ 


ALT  1 1 LCE 

Z)  MI  Ft  ANCLE 

CF  FA TF  CF 

£  1GFT  ( L  t  C  '£  F  £  1 

F6TFR5 

91 

95 

ICC 

icr 

12C 

15. 

12C 

:C5 

•  26  15  27  3 

.47C74C 6 

•  6  £  5  1 1  £  6 

.i 755CS6 

.£769242 

.92657/4 

.5264422 

i  \  c 

•lfo2256 

.26  5454? 

•  5 1 39  1  F9 

*6  3576  1  5 

.7535674 

•  6  7  5C4  6  2 

♦  6SC6  35 / 

9  19 

•C38E9C9 

.  1 5  C  4  £  F  7 

3/*  l 

026461  1 

. 7166255 

.62646(0 

•647£4 n 

l  ?  19 

•C145PSC 

7CS7t 

.2*  371U 

.  4  £  S  i  S  4  J 

.652476. 

•764/1 r 4 

.fcp 2'C r 

1524 

.  ~cv»t« : 

.  C  ‘i  7  7 1  -  f 

•  cm  ’77 

..-55  1265 

O  f £5545 

.7263534 

.7671 72C 

FI  KF1 

'f.  9? 

fill  - 

NC.  2 

o 

'  •* >■  nju/mi' 

1.;  >  'CF  5  SCI  NC 

i:  mnuc 

altmll- 

/ 

MIF  ANUL  CF 

ran  if 

sight  lire  c.-si 

FETFRS 

5  3 

55 

ICC 

K5 

12C 

lc 

re 

3C6 

•36312C7 

.5472674 

.736524C 

.£162621 

. SCC 254: 

.541  1  2r  7 

.546  F  7.' 

6  1C 

.1491437 

.  32  57EtE - 

.T6555T2- 

. V6 65 46 12 

.£22425 1 

0  52266  6 

.5C6E76 r 

514 

.C64C417 

•2L116C5 

•447126C 

.5627365 

.7561355 

.65C46C6 

.F6556C5 

1215 

.iil.f-.Ct 

.1.  7’  465 

.74552/5 

.4529757 

.654145? 

•  £ C5  -  5  5  6 

O 221526 

15-4 

1K..64 

.0-6515 

.7 / 4  C 5c2 

.4195992 

.6375161 

•7714C/4 

•7566573 

_ FLIGHT  NC.  9 2  FILUK  NC*  - 

eEAt*  i p  anff  itt  a"nc f  fpcf  gpcind  :T'»iTm-c¥ 


ALTITLCE 

FElCFi 

ZEMU  *NClE 

V  t 

CF  PATI-  GF 

ICC 

SIGHT  (CEG“LE  £ ) 
let 

12C 

15‘ 

re 

395 

.5226679 

.6.  c c  1 5 2 

•  62436 (C 

.£764775 

.5251316 

•  562C1I  5 

•567C221 

6  1C 

.36 19244 

.4527261 

.7C17C55 

.7664666 

.6642415 

.5314256 

5 A  1 A 

514 

•  1 749296 

.3615462 

.6CC11S5 

•7C5526C 

.6274562 

•  SC26  EC 7 

2516146- 

1219 

.C546537 

•26253C6 

.  5  1 1 C  7  5  : 

.62J4CC4 

.752C565 

.674/  7  1  5 

.6655756 

1624 

•C56CC/7 

.1-.  72423 

•427C767 

.5/250  6 

.75C162C 

. £4  7r 6  5  6 

.666 12C5 

...  -  _ F.LlfF.tJvC.  52  full’  NC.  A 

BF AH  TRANSFITTANCE  FPCP  GPCLNC  1C  JlllUCE 
ALTITUE  ZCMTF  ANCt  t  CF  PATH  fF  SICFT  irEt-FrEF) 


FFTFFi 

93 

5  <• 

KL 

\  r  t 

12C 

15C 

re 

3C5 

.671464C 

.7665654 

•  £  7  c  4  t  5 

•  Sci/SiC 

. 5555266 

•97642C 1 

.5  /5  5  553 

6  1C 

.4  765666 

.7461KC 

•  c(.  1  l  2<4 

•£6?<2Cf 

.5266655 

.5565546 

.5626471 

914 

. 32  74  1C6 

♦  5; C4CC2 

.7274(4; 

.60/7221 

• 65525SC 

.5361763 

.546232C 

1215 

.✓37EE48 

.43E8E4  - 

.655165) 

.756f 67’ 

.6652424 

.5196267 

•  C  2  c  1  e  4  e 

1524 

•16174CC 

•3S23SC7 

.  7  v  2 1  ?  ^  6 

.62276C2 

.9CC3S36 

*5121947 

nut 

*  -  ?  l  u  $ 

FLIGHT 
CfAF  transVittan 

7 

5  3 

NC.  42 

CF  F4CF  C«tlM' 
C»  UP  ANCtF  1  F 

’j  *• 

Fill.  F  NC.  5 

tc  anmri 

F/TF  CF  SKH7  ( r f c '  1  i  £ ) 
ICC  let 

!?C 

11 2' 

If  C 

-C  5 

•34284^2 

*  £  /  6  £  4  £  4 

.  Hi  225? 

-  6  C  6  5  ?v  - 

.  6  5  4  E  5  7 ) 

.5376957 

(  1C 

. I4ft?5£6 

.3226645 

.5t6F27£ 

•6622572 

.F21C552 

.692403 

•5C61222 

!  !’• 

*Ctlli2C 

.  156  7.-44 

.44  176  5' 

.57756(6 

.7*  2534  / 

.£4££75C 

.6677  1C  1 

1-15 

*r  ?M*f  i 

.i;;c456 

♦  '4'c;  f  r4 

.  '  c  3  C  .  * ' 

rEC 977^8 

.6 225C4; 

l-'4 

.i'./.9S7 6  3 

.1  /  1 .-  2  "  6 

,  A  ~  f  -  * 

.*!(  ir.  c 

•  ■  '6-547 

.7  hAUtt 

A2IHLIH  CF  PATH  CF 

SIGFT  = 

'■  F  LTG  HT  VCY  52 

'  P  TITER 

NC.  7  ' 

PATH  RACIAACE 

FRCP  GROUND 

TC 

ALT  IUCHkAm  ASTER.  SC.  P 

PICRC  P.» 

ALTI7CCC 

2ENITFAACLE 

cf'Vatf  CF 

TfdKr'fBl'WtTiJ' 

PETERS 

53 

55 

ICC 

ICE 

12C 

15C 

iec 

305 

2.671F-C5 

1.772E-C5 

9.CECE-CA 

5.575E-CE  ' 

1.5E2E-C6 

6.363E-C7 

A.606E-C7 

tio 

A.'SRt-cs 

3.3256-C5 

I.E27E-C5 

1.157E-C5 

A.235E-C6 

1.377E-C6 

9.573E-C7 

51A 

5  .57Cf-C5 

A.AL’*-C5 

2 .6  c5  E-C5 

1 .7A3E-C5 

6.72EE-C6 

2.253E-C6 

l.'642£—CE 

1215 

5.751—C5 

A.526F-C‘ 

3  •222l:-C£ 

2.2CFE-C5 

5.C33E-C6 

3. 153E-C4 

2.-3C7E-46 

152A 

e.2C5r-CS 

6.755F-C5 

A.A2£k-t‘ 

3.C5CE-C5 

1.271E-C5 

A.A7Ct-C6 

3.275I-C6 

- 

FLICM  AC.  52 

FTLU'- 

ISC  •  2 

- 

PATF  RACIAACE 

FRCP  GRCUNC 

TC 

ALTITUc  IkAITS/STFR.SC.P 

PICRC  P.l 

ALTITUCe 

ZrMTP  ANGLE 

CF  PATF  CF 

SIGFT  (CEGRFE5) 

PETERS 

5  3 

cfi 

ICC 

1C5 

12C 

15C 

IEC 

2C5 

2. 5531-05 

l.EPf  F.-OE 

5.21FE-C6 

S.tZAE-ft 

1.535E-C4 

6.C15E-C7 

AJ312E-C7 

fclC 

5.332f-C6 

3.ECCL-C5 

2  .CA  t 1  -ti 

1.276F-C5 

A.53SF-C4 

1.A21E-C6 

1.C142-C6 

51A 

6.CA2F-C5 

-.  ns^-ce 

?.ST?F-f5 

T.ftTF-fi  T7C92£-C( 

2.2e2E-T« 

YCE40F-CE 

1"  l5 

6.A57E-C5 

S.A53L-C5 

3.5i  21-1.5 

2.252t-C5 

5.3A6E-C6 

2.1A5E-C6 

2.2T2E-C6 

152A 

8'.TA'5E-cT 

'T.65AE-C5 

A.A6CF-C5 

3.CAc':-C5 

r.iter-r'  - 

A.22AF-C4 

"r.'&MFHFE 

FL16HT  AC.  52 

P1LT.P 

Al.  2 

PATF  RADI A ACE 

FRCP  GRCUAC 

TC 

ALTITLCf (fcATTS ASTER. SC.  P 

PICRC  P.) 

ALTI7LCE 

2r.A  ITF  ANCLE 

CP  PATF.  CF 

SIGFT  (CFGPEES1 

PEUFS 

J  ~ 

C  fc 

ICC 

1 1 5 

12C 

lie 

iec 

305 

t.523t-C5 

2.71£f-CE’ 

'  1.2EAE-C5 

7.655i-<-A 

2.663E-C6 

7.373E-CT 

A.A27E-C7 

610 

7.A56E-C5 

A.E5U-C5 

2.A27E-C5 

l.AJCE-Ci 

5.C57E-06 

l.AA8E*C6 

9.A24F-C7 

51A 

9.890E-C5 

6.655S-C5 

3.f lSt-C5 

2. T2  2 t-C 5 

7.77CE-C 6 

2.266E-C6 

12I4CF-0E 

1215 

1.C72L-CA 

2 .Cfc  5 t-C  5 

A.A*2f-Ci 

2.E2AE-C5 

I.C21E-C5 

3.CE5E-C6 

22 147E— ft 

152A 

1.2A7E-CA 

5.685E-C5 

5 . S56t-C5 

3.S5SE-C5 

1.3CCE-C5 

2.972E-C6 

2:ntt-<t 

FLIGHT  AC.  52 

F It  TCP 

AC.  A 

PATF  RADIANCE 

FRCP  CRCLNt 

TC 

ALTITLCE! PA TTS/STSR.SC.P 

PICRC  P.) 

ALTITLCE 

ZEMTF  ANGLE 

CF  FATF  IF 

SIGHT  ICCCRIES) 

PETERS 

53 

s  5 

ICC 

1 C  5 

12C 

ISC 

18C 

305 
_6JG 
51 A 
1215 

1  -'.i 


FLIGHT  AC.  52  FlllH'  AC,  * 

PATH  RADIANCE  FRCP  GRCUAC_TC  ALimt£0>AT7S/STFP.S<..A  PICRC  P.) 
ALT  mi  £  .  21. MTV  ANGL E '  CF"  PATH  CF  SVgVT  IC  t  G3E  ES 1 


PkT-RS 

•3  2 

55 

ICC 

1C5 

1 2f 

IEC 

IEC 

sc  5 

5.CP9C-C5 

3.3C7E-C5 

1.635E-C5 

‘  5'.E75t-C< 

3.272F-C4 

5.265E-C7 

6.3eCE-C7 

CIO 

6.AUF-C5 

.73AF-C5 

’.E1CC-C* 

1.63Ac-C5 

5.75ff-CA 

1.7ESL-T t 

1.252F-C6 

1A 

7.  j5jC-C5 

..£'2.l-C5 

3.A55E-C5 

2.26EE-C5 

E.51AE-CE 

2.724A-C6 

1.557E-CE 

1215 

S.7C<-  --C5 

J.12AE-E 

A.A52E-C5 

2.563E-C5 

1.1S4E-LE 

3.Eet;-C4 

2.737I-C# 

15kA 

1.C66E-CA 

S .8i 5. -C  S 

5.7C2E-CE 

' 2 .EASE— C5 

1.5A1E-CE 

6.15CL-C6 

3.739E-CA 

AZ1PC7H  CE  FATE  CF  SICF7  =  4C 

flTgm-vc.  nxrnr  uv ~i 


PATH  P/Ll/NCt 

FPL*  '’FCUM  K 

ALimtuunj/nFiMi  .  f 

MC-t 

Al  1  1  JUF 

/!  MIh  Mflf 

(  F  FM  h  IF 

<1(M  (£#£,:’  1 

1 

F 7 1  R  5 

V 

c  * 

?r : 

K  5 

12'- 

1 

1C 

i.,9 

1.112<-CS 

?.6lrL-Cc 

4*£(4r-'/ 

2.7£  !l-'<- 

l.2’5i-Ft 

fc.74C  “f 7 

4.£C£'-Ci 

6 1C 

l.735f-C5 

1  • ##  141  -(  *. 

7. «:-!•-  t 

C  .'it  Ct.  -r  £ 

7.£c2t~££ 

»  .?34  6 

.«.7’>-C7 

815 

2.:i9t->.5 

NfcCr*  -C  - 

\  .n#  •  -cs 

E.37E1-CA 

5.1551-CE 

i.f <-C* 

l.C52‘-C£ 

1215 

2 . *  7*  -C-, 

? . ?r  At  -<  r 

l.riU-C* 

l.l?cc- <■' 

i.icn-ic 

c.m  -ct 

2.3C  U-C£ 

1525 

i..t  !  -C  5 

/’r-c  * 

/’.(l/F-'i 

! .*  IF' -'£ 

E.C;3E-C£ 

4. (.57  -C* 

3.275‘-C£ 

ALTiHiCE 

PETERS 

FULFT  *>C.  52 

PATH  tAClAFCE  FRCF  CRCLNT  It 
ZEM  IF  AM  l  f 

')  >  c< 

F  1  L  1 1 '  m:. 
ALT 1TC! f (FA  1 J 
f F  PATH  CF  SI- 
lCC 

S/SUt'.SC  .F 
M  ir'fFUM 
K‘ 

Mt«(  ‘■•1 

1 

1*‘ 

1  = 

C 

3C5 

1.CE6F-C5 

7.1 5  cF-( c 

3.E‘-2E-'£ 

-n 

1.143.-CE 

'  1 1 '  r  -  f  l 

5.3  r-n 

_61C 

1 .E57F-C5 

1.3S3F-C5 

7.5A5£-f  f 

A.5fH  -C> 

; li'-tt 

|im  4 

m  $f-H 

815 

2.3;£t-C5 

l.E55l-(  t 

1.  172..-CS 

1.7'  H--CI 

‘  .nil  -i  ( 

; . l i  i  -,  i 

1  fH  r  4  *f{ 

12 1.5 

...  ?.i65«.-C.§__ 

?.25U-t‘ 

1.515F-'  C 

1.1'  4l-(  5 

i.UCt-U 

h  H  *tt 

1525 

3  .  1  J  9 1  -  7  5 

2.714f~<.  5 

1.5UE-CS 

1  .4<  !.  * 

7.575L-C. 

3.745  -Cfr 

i.CASi-tl 

AUI1U  f 
FLUES 

FI  I'  FT 
i-A  IF  f  1  AFC  L  f - 
/ 

i  3 

AC.  ‘  l 

n  •  Jfr  < 
SMIF  AML 
55 

mu  c .  - 

f  ALT  ITLTt  IMUS/S  IF.- .  u.F 
>  LF  CATF  OF  SKFT  (LICMISI 
ICC  K5 

FIC-C  F.l 

1 

i2l 

lif 

1-C 

3C5 

1.1471-C5 

7. 1 3Ct-C< 

3.715E-CE 

2,525‘-'t 

l-ifU-U 

5.3C4, -S7 

5.527F-E1 

-UC-  _US5A£..£S_  _ 

1.2V3F-CS 

7.J5U-CF 

5.FJ3f-Ct 

2.?t(r-t« 

1.125  -te 

S i 58# l -C7 

515 

2.535E-C5 

1.E55E-CI 

l.CEf E-CJ 

7.5 1'r-'-f 

3 . f 5  ?E ' 

1.15)1  (  £ 

1.55CF-C£ 

JL219.. 

....  2.9’4E.-C5— .. 

2.2C5L-C 

1.5151-C  . 

j.ccu-c ; 

E.C3JF-CC 

2.*  «.  -'£ 

2.1571*4 

1525 

3.353F-C5 

2.722F-C' 

1 .TE2t-Cf 

iuts-.-f c 

c ,5t  cr-ff 

3  .  332  -I  ( 

i . If E * -tl 

ALT '111 L 
FF  T  F  P  3 

?!  ICFT  FC.  -.2 
FAIF  '/-lAIcCt.fRCF 

1'Mll  Ar>'  i. 
1  «  - 

fiiYif  n.  ' 

IF  ALT!!UjU!>»HS/>cUS.£C.F 
c  IF  CATF  CF  S 1CF 1  ILFCRFF5 
ICf  I'1 

FIT  Rf  F.  ) 

1 

iil 

!  r 

305 

£1C 

915 

1215 

i524 


FLIGHT  NC.  92  FILTER  NC'.  5 

PATH  RADIANCE  FRCF  ■.  S'LF.r  Tf  All  HITE  (NA  1 1 5/ JIFF'  .S  C  .  F  FIC«C  F  . ) 
ALT I7UCE  ■'  . .  2CM1F  ANtlt  CF  PATH  tf  SlCFl  (IFCPE1SI 


PETERS 

9? 

l  f 

ICC 

!(‘ 

12C 

15C 

1EC 

3C5 

1.5CBE-C5 

i*cci. ~ri 

5.475E-CE 

2  .  £  C  51  -f  < 

1 .£  35t -C£ 

7.7£ll-C7 

£.ucr-f  7 

FID 

2.163E-C5 

l.l? f #-Cf 

S.E77E-CE 

£ . £  2 1 E-C L 

’  .  15:  i  M 

i45''££ 

1,2571 -tf 

915 

2.658E-C5' 

2*  I42r-C‘ 

t.3(5l-  C5 

5 . 7  2  5 1  -  C  £ 

5.F!2E-C£ 

,.37ei *F£ 

j .95?  -t£ 

1215 

3  *  I  f  5 1  -  C  5 

v  -CS 

1.755E-I 5 

1  .  K  ;i  -f: 

£ .££  3E-C£ 

3.2561 -ce 

?,  111.  -U 

1525 

3.EE71-C5 

* «.  i 

2.27CI-C5 

l.£'2!-S: 

l .5r  7E-F  a 

4.57 !=-££ 

3 i T’c t -Cf 

ajh-lh  o  mi-  t  r  ;  w  c  t  i  c 


F  L  KM  Ml.  f't 

fUlr" 

M.  1 

f  -i  F  a r *. .m;  TC 

»Limrt  uAm/sit- -v  .* 

M  X  F.J 

ALII  III  <• 

'■'IIP  ANTI.  * 

*  F  PA1P  ( F 

S  1CM  (Let 

Ml,  !  $ 

' 

V.  * 

ire 

n : 

■  2C 

1£C 

1  C 

X  5 

i*;n»  -  .j 

7.  1 1£'  -f  t 

4.<  let-' t 

KlU'-fc 

i.nst-cA 

E.EfcSt-C7 

4.tC<  t-C 7 

<.  ir 

1*^44. -C 5 

)./•;  t>  -tt 

7 . 7  ?  1  -it 

s.as i.-rr 

/.  .722t-C t 

1 .27£t -Ct 

S.S7?*-C7 

«■  14 

-re 

1 . 7 1  ?  •  -c  * 

1.1  .F-i£ 

t.AiA*-f  t 

A.’C’E -CE 

2.CS7i-Ct 

l.t42E-(t 

I21S 

2*i  iSr-i.-, 

.'•1.3::.-.  5 

1 .4£££-f £ 

i.(*  »i -r f 

.S  £  SF-C  < 

2.S22E-CE 

2*2C7t-Cc 

1-124 

;.i-sf-c£ 

i 

1  ,47C  *-r* 

E.24SF-CA 

4.17E£~Ct 

3.275F-CA 

M.ICM  %C.  S3 

Fill 

AC.  Y 

PAT*-  PAPIAACE 

ffu-  (.pclm;  tc 

AlllH(lCkATT$/'T"P.<t.(t 

PICPC  F.l 

JlTIUlc 

7‘MTP  AMI 

rp  ptiF  i  f 

SIGPT  llfC/ffi 

M.TEPS 

S3 

c  - 

KC 

lCf 

1JC 

1  £F 

HC 

3 1  5 

l.cisf-r  5 

<..7£4'  -i  c 

J.?27:-Cf 

2.i2'2f-Ct 

l.lS2f-C£ 

E.tC4F-C7 

A  .  3  j  2f  -C  7 

cl*J 

i.na-r  5 

l.lCAr-Ct 

7.SI7P-U 

£.5 Ml  -Ct 

'-.77K-CE 

1.2S4F-U 

l.C14£-C£ 

■  14 

3 • riSh-ui 

1.7f  f-l' 

l.HU-Cf 

£  Y;  i  ff-ct 

4. A2A :-c< 

2.1C1.  -Ct 

J.AAfl-tf 

I2l<? 

i,*iin-c5 

’.cm-fx 

1.4,'CF-C£ 

l.CSSc-t£ 

£.S4,t-Ct 

2.F£4t-Ct 

2.272t-Ct 

|5J4 

2. 777?-l'5 

?.ss  r-tt 

l.6C4t-C£ 

l .  2  e  E  f -C  £  ' 

7.ECCF -C  £ 

3.f72.-Ct 

3.C4SF-C,- 

HI- 

*  1  M  .  •  2 

1  U  1  - P  AC.  2 

ALII  |  LI  1 

"HP  "H  lAA.Cf 

f  2‘  A  -HIM 

H  All  |  [l.  jumpin'. U.F 

r  if  ffii  rf  sir-M  icimt'i 

►  1C  PC  P.) 

/  M  IF  AMI 

1 

h  I|  PS 

4  « 

i 

’ f  *-  1 C  £ 

1 

121 

15- 

l‘C 

-Xi 

l.fATi-C; 

£*£*•* 

‘.“7  -  t  fiOjf-CA 
1.2*1  -it  tl 

l.)l 

Yf-tc 

£.47St-C7 

4.427£-C7 

i  ir- 

l.l J4I-V' 

| *  5f  -  -  -l  : 

1  • 

m-ct 

t.Hl  -C t 

S.A2ft-C7 

--14 

J.'.JK  -.7 

1.14  —  L  - 

i  .  I  £  31  -i  £  E.2S2-M 

4 . 3  i 

I?f-M 

i .  S  S  5 1  *  f  6 

l.£4C(-Ct 

1219 

2.SC41-C5 

2.3'  M-f  £ 

l.t  t.-C£  |.|||.-r; 

t  .  £  f  4  r  -  r_  f 

f .£C3I -Ct 

2.1471-Ct 

l3>4 

l.Uus-rt 

5. £4.-'  -C  : 

|.nn-c.- 

KLitftl 

2 ,i 77F-Ct 

?.7£tf-C£ 

fLIlF  t  >L.  :c 

f!U  ^  ^ 

I’AIF 

’ADlAACt  fill-  e.-XlFT  if 

ITS/S 

iM.st.i  n m  p.» 

A|  7 1 1 L - 

/  £  4  I  IF  AlMll 

CF  fm  f.F  blCM 

ll-FGPFFJl 

riii!5 

1C5 

1 11. 

43  Si 

KC 

K5  i:i 

ISC 

lie 

£11 

1217 

N  4 

f*  i  H  i  t  ■  fc 

h  b  ;  > 

M.  1  c  ( I  •'  r ,  =  t 

rill  i  il  lEfcf;  rniF  .mif  r  h  ( 

A- A  1  IF  AAfLt  li 

!  1 1  1  1.  II  .  1 

*!  1 1  Ilf  IVAJti/JTf  t.;c .f 
(III  H  c|nf  |  ||  i-LtFLH 
"t  lc: 

Mt.Pi  K-l 

lit 

IEr 

1FC 

»»  l* 

O  l«! 

'  *7  '"''-I  l 

.21  !*-£( 

I.il!'  -1  l 

1 1 7^ 1 F-C  £ 

f  sjtAi-r? 

6.3eCf-C7 

*\  i ; 

-  i.i/ r  - 

» •  *  . 

1  -.til1  -f  r 

».4lit-C£ 

l.lfSt-Et 

132} 3£-(t 
i:sl)i-CF 

ill? 

’.474, 

-ts  -rf 

t 

£.2£2L-C< 

1 .£14- -li 

5  >  S  1 1*1 

1.7:4-.-  .* 

|,7j  /»-M 

7.32£l-C< 

i.SM  “(A 

2.757F-(t 

i  ’  m 

’.2S‘- 

-Ci  2.Sl.!i-F  £  2.1:1  £*'  £ 

i  ,!'(  -f ? 

r(7£ir-ff 

4  ,  f  1  ft .  .  tl. 

3(77H  I'F 

/ 


AZIMUTH  OH  PATH  CE  SIGHT  =  27C 

.  ■TTreFTKCTf  •  nurrwn 

PATH.  RADIANCE  FROM  CRCLNC  1C  AU  II  U  I  (  RA  IT  S  /  SU  R.  CC  .  P  PICKC  P.) 


'fuYIYGoT  - 

. . .  ** 

"Zf^ltF  ANGLE 

OF  PATH  (f  SIGHT'ftLCPFf  £1 

RETERS 

93 

65 

ICC  1 C  5 

121 

15C 

1  8  C 

305 

1.136F.-C5 

7.7696-06 

5.259C-06  2.T35E-06 

1.25CE-C6 

5.6EEE-C7 

5.6C6E-C7 

610 

1.718E-C5 

1.3C5E-C5 

7*6521 -CC  5.2656-06 

2.5266-C6 

1.2*86-06 

9.572E-C7 

915 

2 • 1S7F-C5 

1.7EEE-CE 

l.UPt-CE  6.213L-C6 

5.C516-C6 

1.992t  -Cf 

1. tA2f -06 

1219 

2.5561 -C5 

?.  It 2C-C5 

1.6"*.-C5  1.C56--05 

5.573 6 -C6 

2.791--C6 

2.2C7L-0t 

1525 

3 . 1C5  C-C5 

7CPf-Ci 

1.55CC-l5  1.552E-C5 

7.6776-C6 

2. 5521-06 

2.275L-C6 

"VlIGKT  NC.  92 

Fill-''  At.  '2 

RADIANCE 

f  RCP  CPCLNf.  TC 

ALT  ITU  t  (fcATTJ/SKR.'C.F 

P1CRC  *.) 

ALTITUDE 

2  EM  IF  ANCLE 

CF  FAIL  rt  0(fu  (fFCtfFS) 

.... PETERS 

Ct  2 

<jr. 

ICC  i c  s 

i  26 

15v 

i  t 

305 

1.12,  1-C5 

7.51 78-06 

’.SIH'-Cc  2.5*5(-C6 

1.1556-C6 

5.22Cr-C7 

5.3121-07 

610 

1.8TOE-C5 

1.372F-C5 

F.Ck78-C<  6.595C-C6 

2 . £97c-C  6 

m>  L 

1.6156-06 

915 

2.35i‘ -C5 

l.Etif-f 5 

1.17t*--c£  Ct 

5.C65T-C6 

2.061  -C  6 

1.656' -C6 

1219 

<?.c50l-C5 

2.251F-C5 

1 . 5  1  r !  -<.  5  i  .Cf5--r5 

5.565c-C6 

/•'it-  2  -  C  6 

2  •  1 1 2 »  -  C  £ 

1525 

3. 117t-C6 

2.6950-65 

1.F92--.5,  1.5C2c-f; 

7.3251 -06 

•  .  7 1 S  •  -  C  6 

2.0556*06 

— 

FLIGHT  NC.92 

FILIlVfvC.  3 

_ AAlt  .2  .NUANCE 

.FJ-CJ-  OFCLNC  U 

AlTtULr  (FATTJ/JTtF.iC.F 

nm  f.) 

ALTITUDE 

ZEMTE  ANCLE 

CF  PATF  l  F  SIGHT  (C6C7E5S1 

....JiLltRS... 

....  .5  2 

. . 35.  . 

ICC  1(5 

126 

15C 

If  C 

305 

1.122L-C5 

6.983  E-C  6 

2.6516-66  2.5C2E-C6 

1.1 1 5 r-f  6 

5.5F5I-C7 

5.527F-07 

610 

l.f  ;  9  r.  *  C  5 

_ U2.UA-C  6 

7.C27E-C6  6.T£ IE -06 

2*273t-Cc 

1.155  -i 6 

5.526E-C7 

915 

7.5695-05 

1.8C1F-C5 

1  .6*96-05  7  .  •  15E-C 6 

J.flE'.-U 

1.6-8  -Cf 

1.55C  -06 

...  1213 

.  2.Ei6t-C5  . 

.  Z.  253  E-C  5 

1.232t-C5  3.629C-C6 

5.9(0. -.5 

-C  6 

2.  15  7  2  -  0  c 

15'5 

I. 7061 -0  5 

2. 6611 -05 

1.737E-C5  1.2516-Ct 

6.567F-C6 

2.376  -C6 

2.7E68-C6 

\ 

i 


i  or 

MM.  2 

r  H  l  ■  •  m  .  ‘ 

1 1'  ri 

A  lANCt 

6«6P  C-POL  NC  10 

au  nut  (va  no/ 

SI  l  if. SO. F  P  ICi'C  P.) 

At  mat 

7FNIIH  ANUO 

OF  PATH  06  S1CM 

(DEGREES) 

M  7 f  <5 

' 

C  C 

ICC 

1C5  120 

1  EC 

1PC 

f  10 

121r' 

l 

FLIGFtT  NO.  93 

f IL1I P 

Nf.  f 

PATH  RADIANCE 

FRCN  GROUM  10 

ALT1TLCF (WAlTS/STtR.SC.F 

RTCPO  F .  ) 

ALinUDC 

ZENIT  n  ANCLE 

Cf  PMf  LF 

SlOHl  t  f,  6  G  R  r  E  S  1 

RETERS 

93 

■iS 

ICC 

ICE 

120 

Ul 

IcC 

305 

1 .5180— C5 

9c 520L-C6 

5.22C6-C6 

2.5526-06 

1.6351-06 

7 .5 2Cr-(  7 

6 . 2  E  r  f  -  C  7 

610 

2.C36E-05 

1.525E-CE 

5.127F-C6 

6  .2I7F-D6 

3.0658-06 

1.5351 -66 

t. 2536-06 

915 

2.522E-C5 

2.037E-C5 

1. 3161-05 

5.2-  16-06 

5.7058-66 

; .2f c: -cc 

1.5E7F-06 

J219 

2.976E-J5 

2.5G5E-C5 

1.6901-05 

1.25 10-C5 

6. 5651-06 

2.2=70-06 

2.7676-06 

1525 

3.560E-C5 

3.016E-C5 

2.1576-05 

1  ,60cr-C5 

02615E-C6 

5. 5151-06 

3.73SL-C6 

A2IPLFE  C F  EAIE  If  'I'M  = 

FLirn  m.  s?  fht  ,\r.  i 

flKfCUCMl  FME  RFFL-CMME  F L ►  C.  MM  1C  AlllUIE 


ALTITLCE 

?'  M  IE  AMI  C 

CF 

S1GE1  (CtC.’tFSl 

PETERS 

S3 

it  t 

’l  L 

I C  t 

12C 

1  5  r 

IRC 

?C5 

3.748C 

CC. 

1.  itsr  cc 

%?ir- 

"  L  1 

2. £448-0 

8.929E-C2 

2.715E-C? 

1.S46E-0 

tic 

1.72SC 

"1 

4.9.0  O 

l.CU 

c : 

J.152C-C 1 

2.U3E-C1 

6 .222F-C2 

4  .4281*0 

914 

5.64 

Cl 

l.lt2f  C) 

<?  •  7  2  C  l 

<,  r 

1.2CE8  CC 

2.7CCE-C1 

1.C7EE-C1 

7.661E-C2 

12  IS 

1.570C 

c? 

2.24m.  Cl 

A  •  2 1 A  f 

U 

1.SE7E  PC 

5.468E-C1 

1.5S4E-C1 

1. 12SE-C ) 

1524 

6.618c 

C  2 

5.5S1E  Cl 

6.0*^ 

rc 

2  •  :  1 1  .*  CC 

8.543E-C1 

2.4C1E-C1 

1.689EM1 

flTgei  nc.  f'i  Lift  mV  ; 

U1REC71CNAL  PA7r  REFLICIAMC  FACE  GECLM  1C  Hlllirt 
ALTIUre  7M1TF  MCU  CF  FA7E  CT  SIGH  ICOCR'ES) 

c;  tcps  ° i  ct.  icc  k;  12c 

3C5  5.S551  CC  1.2-Ct  Ct  4.*68f-ci  5.5C71-C1  7.825E-C2 

6 1 C  U>49t  Cl  4.220  Ct  l.JCEv  C'  t.T'4 E-C 1  2.CC88-C1 

Sl4  2.773.  Cl  S.248E  CC  2.4Ctt  CC  l.lt7E  CC  3.412E-C1 

12  IS  P.S.'St  Cl  1.623E  Cl  2.C4tc  CC  1.732*  CC  4.89EE-C1 

1524  2.727:  C2  7.2C7F  Cl  *.<?ll  CC  2.6421'  CC  7.C62E-C) 


EL  ICE  1  ,%C.  «?  fllliP  NC .  3 

CimilLitei  PATE  SErtECTANCC  F  BCE  CRCUC  7C  A11I1LCE 


AiTllir  t 

O.MTE  A  M 1 1 

CF  FATE 

CF 

SICE7  tCEEREES) 

E  E  IMS 

*»  ** 

ICC 

1C5 

12C 

15c 

ICC 

;  :5 

' . ;ca  > 

CC 

1.19c-  C' 

4.5  1SA-C1 

2.5416-C1 

8.25SE-C2 

2.222E-C2 

1.22EE-C2 

tit 

I.7C1 

CC 

.•’.£7£r  CC 

1  .CC  7  E 

Cf 

5.445E-C1 

1.672E-C1 

4.5C8E*C2 

2.SCEE-C 

*>14 

1.-.  4«'( 

Cl 

5.522'  C ». 

1.740 

Cl 

S.CE1E-C1 

2.6S1E-C1 

7.2E1F-C2 

4.E81E-0 

1215 

2.1453 

Cl 

8.911*  CC 

2 . 5  5  C  t 

1C 

1.2ESE.-CC 

2 .7 2Pt~C  1 

1.C241-C1 

6.SS7E-C; 

1524 

6. At  l>' 

c  1 

1.461'  Cl 

2.6E1. 

CC 

1.7SSE  CC 

5.C25C-C1 

1.2ECE-C 1 

S.331E-C2 

ICC  ICC 

2.725C-C2  1.6E4E-0 

5.787C-C2  4.C6EE-0 

9.7‘7E-C2  6.EE18-0 

1.4141-tl  9.S19E-C, 

1.SS2E-C1  1.289E-C1 


FI.HEt  AC.  r*  FIL1.P  M.  * 

i.HUCl  ICf*H  MTE  PEELcCIAIC1  FRO  tRUM  1C  AC1I1L.CE 
UTIIU'I  7'MIF  AMU  CF  FATE  CF  S1CE7  CCECRfESI 

KTFE.S  sj  O  ,Ct  ICC 

2C5 

tic 

9H 


IS?4 


12C 


15C 


liC 


FLICE  I  EC.  I  1 1  |  >-  EC. 

UHECIILAAL  FATE  TFFIFCIAME  FACE  CUl.NC  1C  AlllHCE 


All  (  Rr 

frl  UR. 

■ii 

/■Mil  AMI c 

O 

CF  FflF  r  f  : 
ift 

I'EI  UCC-FEEl 
1C*. 

12C 

15C 

1EC 

3C5 

3.C64C 

CC 

1 . 6  2  f '  Cl 

5.27FF-C1 

2  .  U6--C  1 

S.UEt-C? 

2.572E-C2 

1.756E-C? 

c  It 

1.H3 

Cl 

l.El‘,1  CC 

l.ISS  CC 

A  .<2tC-C ! 

1.8:91-0 

5.1621-C2 

2.6C1E-C 

‘.’14 

3.120! 

Ci 

J. 74c l  C' 

? . f A 2 1  ■* 

1.C22E  Cl 

.•  .  S  4  4  L  -  C  1 

6.256E-C2 

5.E7CF-C2 

1  2  i  b 

.654. 

Cl 

l.s'Ci  Cl 

i.231t  if 

1.587E  CC 

4. 3’5E-C1 

1.225E-C1 

e.<22f-c: 

ih'A 

• .f ICE 

1 2 

!.24t-  I  t 

5.5SU  Ct 

i.4;2  ■  ft 

6U61F-C1 

1.749E-C1 

1.225E-C 1 

e  «« 


AitPUF  CF  FAR  CF  SRFT  =  <C 

FL16FT  NC.  9V  HllFPKC.  ! 

f  IMECTIGNAL  PATH  REFLECTANCt  FRCP  CPlLNC  TC  ALUUIF 


Al TITLE F 

►  E  |LK$ 
3C5 
61C 
914 
1 2  IS 
1  9?  4 


93 

l.'toe  cc 
t.52lF  cc 
2  •  25?  t  C  l 
t.97R'  Cl 
3.e:-o r.  n 


?FM1H  ANCLE  CF  FA  IF  Cf  SiCFl  RECPEtrSl 


f  .3941-''  1 
1.957 f  CC 
4 . 7C  1 1  CC 
l.C(  If  t  ] 

?.32cf  c; 


'CC 

i .4<7f-ci 

t. 1(4'  -.  ! 

1.7131  CC 
7  .  c  5  4  F  •  f 
1.471:  C 


1(5 

1.417L-M 
3.1 JCf-CI 
A  .?7R-f  1 

l.CCfC  CC 
l.EiEE  CC 


I2C 

5.425E-C2 
1.752F-C1 
2.7E6E-C 1 
2.4E7E-C1 
1  .299E-C1 


151 

2.449t-C2 
5.57Er-C2 
9.E94>-C? 
1.44R-C  1 
2 • It  fit -f  1 


IK 

1.9441-C' 
4.42EF-C ; 
7.e4 1E-C2 
1.129E-C1 
1.4491 -Cl 


ALT 1TLCE 

FE.1FRJ 
2C9 
C  1C 
<14 
1219 
\<-,A 


FIRM  \C  .  9?  MLR1  Nf.  J 

tWfSIl(rh«k.P.AJF  .REflfClANCE  TPLF  CP,  CNI.  1C  ALIIRCE 


93 

l.C£9t  CC, 
.  4 C •>£  CC 
1  -  12  7-  ^.1 
.  3j«  c  i  (• C  ! 
l.C ’ih  c. 


2tMIF  ANClt  CF  FAR  I  f  SICFT  RFGR 1  f  5 1 


4.7  ‘•r.ci 
l.5tf.  C„ 
■’.’5:'  CC 
t .  i : '  c  • 
i.?i  ;•  ■  s 


ICC 

1.EMC-C1 
5.CJ5I-C1 
c.5-*Cf-c  1 
1  .  ’  ( 7  ic 
<  C 


IK 

1  •  t  24f  -M 
2.JJ-CF-C1 
5  •  1 4  2C  -C  1 
?  .  1  1 4  r.  - '  1 
1.227  "C 


121 

4 .42Ct-Ci 
1 . 14CF-C  1 
1.967E-C) 
/  •  9  5  1 .-  -  C  1 
4.2t2. -Cl 


1  5  1 

2.C6CI-C2 

i.Cdj-ti 

c.MF'-M 

3.252c  —  C 1 
1.7444-Cl 


IH 

1.4i4f-C. 
4.14E1-C2 
4.E4  1.  -C? 
9.9 19t-C2 
1.2F91-C1 


Airnuc 

FULFS 
5C5 
.  1C 
•.  14 
1214 
1424 


FIRM  NC.  92  FR  i,  ,M.  ; 

-iseculral.fah  nrttci.ANCf  no  ■  ,t  hiiiuc 

2ci\1R  ANCLE  CF  FA  IF  Cf  5  !CM  REGRES) 


6.14PE-C1 

1...  24 r  cc 
4  •  ' C 4  C  CC 
0  .i  C4F  CC 
1.72*1  i  l 


3. C29E-C1 
1. 594  t-C  1 
1.4t4f  CC 
^ .  52 4c  CC 

4.  If.  7  CC 


;Ci 

I  .  ? C  R'-C  1 
-.572.  -Cl 
./-7| -C  ! 
-..fR.-  | 
l  .  R  V  ii 


If  5 

E.C2CE-C2 
1.77EE-M 
2.C‘-4L-C  1 
4.552--C1 
C  .  :  9  2 r.  -9  1 


1 2  C 

1.424F-C? 
7  •  5\.  E  E*C  2 
1  . 2474  —  C ! 
1 . E4  2  F -C  1 
-.if9:-Cl 


:  5C 

1.5991-C2 
2 . 5  C  5  f  —  C  2 
5.914L-C2 
4 .52  It -t  2 
1. 1411-C1 


IK 

1.2251-C2 
2  .CCc.-C. 
4  .  E  e  R  -C  7 
4.9971-C2 
9. 32H-C; 


ALTITLCE 

PETERS 

2C5 

tic 

914 

1219 

1524 


FLICM  NC.  92  Fillip  NC.  4 

1  IRFC7 ICNAL  .PATH  REFLECTANCE  FRCP  CRCLNC  1C  AlHTlC* 

ECNITh  ANCLF  CF  PATH  IF  j  (OF  T  (CEGR  E  E  M 
. -s-3-  45  ICC  It' 


alt?  rue 

FERRS 


FLRF.T  NC,  92  f  II  Tt  -  'L.  5 

1.1s!  CT  ICNAL  PATH  REFLECT  ANCF  FRCP  CP. INC  R  AllIILCf 


1.14'r  C 
3 . t  7 ? c  CC 
i - 1 2 r *  ci 
2.14a,  ;  * 

9.  /  R  1 


ZENITF  ANCLF  CF  PA1F  Cl  EI  F1  (rIt-,>r>5) 


4.94  IF -C  1 
1.2141-  CC 
2.C42E  C< 
5.4C7C  CC 
I.IIaT  Cl 


id 

1  .9,  21-C1 
4 . 4  <*  5  <  - 1  1 
(.ICC-'  1 
1.34/1  '■ 
2 .27/ c  C ' 


!(  5 

1  , IE  4  E  — C  1 

2.572*  -f  I 

1 

•:  .<  *  9  ■--<■  i 
i.i  »2 1  *•; 


< . 7  c  9  * -c ; 
9.97-, -C / 
I  .  <  ’  4  1  -  C  1 

c  •  *  \  *  *  ■*  c  ■ 


1; 

;  • 1 54E -C 7 
4.44CC-C2 

7. 2945- r J 
1.C77F-C1 
1.E29L-C  1 


1C 

I. 754E-C? 

J. EC  R-Ca 
c  •  e  7c r -cr 

E.E2  >r-C' 
1.225*-  —  C  ! 


I 


J2IHUTH  Cf  PATH  CF  SIGt-.T  =  _  UC 


RIIGH  NC.  5? 

C IRECT 10NAL  PATH  RfFLECTANCE 

— frrmr.T - 

FRCH  CRCLNC  TC  ALIITLDE 

ALTITUDE 

ZENITH  ANGLE 

CF  PATH  CF  SIGHT  (CECtfEtS) 

PETERS 

S3 

c,  5 

re  1C  5 

12C 

1  bC 

ISC 

3C5 

1.446E  CC 

5.'  EE-01 

2.31fc-Cl  1.3E5E-C1 

{ .7f 5E-C2 

2.E13E-C2 

1 2S46E— C  2 

6 1C 

6.179E  00 

l.fit IE  CC 

5.5EEE-C1  3.25EE-C1 

1.362E-C1 

5.765E-C2 

4.42EE-C/ 

S14 

2.113E  Cl 

4.5C5E  CC' 

1 . 1 7 7 C  CC  t . 2C  5E-C 1 

2.417E-C1 

1.CC4E-C1 

7.'ttlE-Cr 

1219 

6.33CE  Cl 

5 . 24 IE  CC 

1.559E  CC  9.Et3f-C 1 

3.6C7E-C1 

1.47EE-C1 

1. 125E-C 1 

1524 

2.34GE  C2 

2.1I6F  "Cl 

3.4 5tf.  C>  t.'tfSTcC 

5.f 11E-C1 

2. 2441-C1 

Ktes(-ci 

. 'FLIGHT  NC.  52 

- F'f LT  c  P  N'r.~2 - 

DIRECT IC-NAL  PATH  REFLECTANCE 

FRCP  CRlINC  TC  ALTITCCF 

AlUUCE 

2EM I H  ANGLE  CF'  P'ATH  CF  SIGHT  (CTGREES) 

PETfRS 

53 

r  - 

ICC  1C  5 

12C 

15C 

ISC 

scs 

l.Cltf  CC 

4.44CE-C 1 

I.E40E-C1  1  •  1246  — C 1 

4.623E-C2 

2.12EE-C2 

l.f S4E-C- 

C1C 

4.4SSF  CO 

1.45EE  CC 

5.C57E-C  1  2  .5 56  P-C 1 

1.22EE-C1 

5 .265E-C  2 

4 ,Ct  EH-C / 

914 

1.2606  Cl 

3.23CE  CC 

5*  5 1 1 E - r 1  5,3 15  E-C 1 

? . 124E-C 1 

E.5E4E-C2 

t.EtlE-C' 

1519 

3.3C7t  Cl 

t.ltSF  CC 

1.525E  CC  E.C57S-C1 

3.115E-C1 

1.556E-C1 

9.515E-C2 

1524 

9.175F  Cl 

1.17EE  Cl 

2.355E  CC  1.2C4E  CC 

4.44SE-C1 

l.e27E-Cl 

1. 389L-C1 

FLICHT  NC.  52 

FILTER  NC.  3 

-  - 

ClRUniCNAL  1 

PJUA-.  REFIECI.AN-CE  .FACjK  CPCLW:  TC.  A.LUTliCE.  . 

ALTULCE 

22MIH  ANCLE 

CF  PATH  Cf  SIGHT  1CEGREES) 

_ .K£.T£fiS.—  - . .51..  .. 

C  * 

.  .  ICC  1C5 

12C 

15C 

1EC 

3C5 

5.77SE-C1 

2.CICF-C  I 

1.2C1E-C1  E.C46E-C2 

3 .6t 7E-C2 

l.f52F-C2 

1.328E-C2 

- . tic 

.  1 . 7 6 ? K  CC. 

_  7.433L-C1  ... 

-3^CJ7i-'.l  .  l.t.lti-Cl 

E.44SE-C2 

3.714E-C2 

2.5CEE-CP 

5 14 

4.2C1E  CO 

1.SC3E  CC 

5.572 t -Cl  3 .SEEt-Cl 

1.455E-C 1 

t .4 1 1E-C2 

4.fglf-C2 

1215 

.  S-SiCt-CC. 

. 1»547E-CC_  - 

-E..5.4CE.-C1-  _  5.C54E-C1  . 

Cm 155E-C 1 

5.3C4E-C2 

t.597E-C2 

1554 

1.637E  Cl 

3 • 5tt F  CC 

1.2C3E  CC  C.51CE-C1 

2.55CF-C 1 

1.24CE-C1 

S.321E-C2 

FLIGHT  NC.  52 

fTlTeTi NC.  4 

CmC.UCMl-.P>.IH—REF-UCTj?NCE 

.FAC*  G.RC.LNJC..T.C-.A1.T.I  ICC  E 

ALT I  ILCE 

2 E M I H  ANGLE 

CF  PATH  CH  SIGHT  (DEGREES) 

PETERS 

S3 

<55 _ 

_ ICC _ _  K5 

12C 

15C 

1M 

tic 

514 

1515 

r-54 

_ _  _ 

_ 

FLIGHT  NC.  52  ‘ 

FILTER  NC.  5 

CIRECIICNAL 

FATH  REFLECTANCE 

:  FRCP  CPCLNC  TC  ALTITUE 

ALTITUDE 

ZENITH  ANC-LE 

CF  PATH  CF  SIGHT  (DEGREES) 

PETER' 

53 

55 

ICC  1 C  5 

12C 

15C 

l'C 

305 

1.C3CE  CC 

4.5J2E-C1 

l.EtEE-Cl  1*  153E-C1 

E.CttE-C2 

2.2C6E-C2 

1.756T-C7 

tic 

3.574E  CC 

I.221E  CC 

4.32CE-C1  2.552— C! 

1.CE2E-C 1 

4.653E-C2 

3  .  tC  1  f -C  4 

514 

1.C49E  Cl 

l.fPCf  re 

7.S36E-C 1  4 .464  E -( l 

1-elSE-Cl 

7.7C5E-C  2 

5.f1£H-Ci 

1519 

2.E58E  Cl 

5.2141-  CC 

1.212-  tr  T.C15.--G  1 

2.755E-C1 

1.143F-C1 

£.62 3c-C? 

1524 

8.679E  Cl 

1.C72E  Cl 

2.122  Cf  l.CTit  CC 

4.C2EF-C1 

1.C38E-C1 

1.225E-C1 

oc 


A2IHUTH  Cf  PATH  Cf  SICK  =  ?7C 

FLIGHT  NC.  92  'F'ILITR'VcV  J 

L 1 RCC  T  ICNAl  FAFF.  REFLECTANCE  FRCM_  GRGUND  TO  AniTLCE 
ALT  HUE  ZENITH  AnTiE"  OF'  PATH'OF'TICHT  "ftfEGPEESI 


HETERS 

93 

95 

ICO 

1C5 

12C . 

1  if 

ICC 

3C5 

1.554E  CC 

6.528E-01 

2.459E-C1 

1.427E-C1 

5.551E-C2 

2.427C-C2 

1.546E-C2 

610 

6.459E  CO 

1.943E  OC 

6.C44E-C1 

3.328E-C1 

1.244E-C1 

5.EC6E-C2 

4242EE-<? 

?W 

2.2151  Cl 

4.70CF  CC 

1.1 E5E  CO 

6.147E-C1 

2.224E-C1 

5.33EC-C2 

7.66 1E-C2 

1219 

6.929E  01 

9.908E  CC 

2.C19E  CC 

9.E49E-01 

3.373E-C1 

Ji4I!E-Cl 

1.12SE-G1 

)  524 

2.SC4E  C? 

2.241E  Cl 

3.530E  CC 

l.ECCE  CC 

5.155E-C? 

2.11EF-C1 

I.6E9E-C1 

- 

FLIGHT"  NCV  92 

FILTER 

TcVT 

C I R t.QUC N.A L.f  MC  R E F. L 5 C T  A N C E 

FRCN  CRCLNC  TC  ALTITLLE 

ALTITLLE 

ZENITH.  ANCLE 

CF  PATH  CF 

SIGHT  (CCGREESS 

NITERS 

93 

95 

ICC 

ICE 

12C 

15C 

INC 

305 

1.130t  CO 

4.921E-C1 

1.554E-C1 

1.15EE-C1 

4.665E-C 2 

2.C57E-C2 

T.6SA1-C2 

tic 

4..662E  CO 

1.533E  CC 

5.147F-C1 

2.S16E-C1 

1.149E-C1 

5.C67E-C2 

4.C6EE-C/ 

SH 

1.332F  Cl 

3.34EE  CC 

5.566L-C1 

5.1E6E-C1 

I.S5EE-C1 

t.EECE-Ci 

6 • EC  3  F-C2 

1219 

_ 6^m_CC 

1.572E  CC 

E.C55E-C1 

2.917E-C1 

1.25CE-CT 

9.515E-C? 

1524 

I.C3CE  C2 

1.292E  Cl 

/.El?.  CC 

1 .21  EE  CC 

4.17EE-C1 

1.7541-0 

1.2E5E-C1 

FLIGHT  NC.  52 

Fill!  R 

NC.  : 

riRFCTICNAL  PATH.  PEFIFCTANO 

FRCN  CRCLNC  1C  ALTITLCE 

ALTUCCE 

ZENITH  ANC-CE 

cf  fain  cr 

SIGHT  lr.EG»EESJ 

NC1ER5 

93 

95 

ICC 

ICE 

12C 

ISC 

ICC 

3C5 

6.212E-01 

2.97EE-C1 

1.2E5E-C1 

T.5- IE-C2 

3.45EE-C? 

1.654E-C2 

1.32EE-G2 

olO 

1.7T8E  CC 

7.4C7E-C 1 

/.SCSt-Cl 

J.744E-CI 

7.455E-C2 

3.5C4E-C2 

2.5CEE-C2 

514 

4.C53F  CC 

1.44EE  CC 

5.121C-' 1 

2.5E5E-C1 

1.2E2E-C1 

E.57CC-C2 

aaeeif-c; 

1 1 15 

E.469E  00 

2.476E  CC 

1.SC2F-U 

4. *721-0 

1.E2AE-C1 

L.EE2F-C2 

6.5971-C? 

1524 

1.712F  Cl 

4. CASE  CC 

1.JE2E  CC 

6.322E-C 1 

2.5C8t-Cl 

1.1561 -Cl 

9.3311-0 

fllCFT  NC.  92  tUl'R  NC.  * 

DIRECTIONAL  FATE  REFLECTANCE  FRCN  CRCLNC  TC  ACTITLCt 
ALT  I  TUI' £  ZENITH  ANCLE  CF  PATH  CF  SIGHT  (CEGREF.S) 

R  C ICRS  92  55  ICC  ICE  1 2C  1EC  TEC 

'C5 
6 10 
514 
1215 
|-jZ4 


FLICHT  NC.  52  FTl  IL>:  Nl.  E 

LIRFCI 1CNAL  FAIL  REFLECTANCE  FRCN  CRCLNC  TC  ALT  I  ILL! 
ALTHUfE  ZENITH  ANGLE  CF  PATH  CF  SIC-HT  1CCGKEJ) 


NC  TLRS 

93 

95 

ICC 

ICE 

12C 

1EC 

itC 

3C5 

1.C77F.  CC 

4.6E7E-C1 

l.E75E’Cl 

1 • 1 2  Tt-C  1 

4.765E-C? 

2.198E-C? 

1.  ;61-C. 

--IC 

3  . o  161  CC 

1.23CE 

CC 

4.157F-C1 

2  »4C  TC-n 

5.77EI-C2 

4.474E-C2 

3.6C1F-C* 

"14 

1.C74I.  Cl 

2.7C2F 

CC 

7.715E-C1 

4.2C11-C1 

1.626F-C1 

7.3C1E-C2 

S.6.CE-C2 

Oil 

•.5Etf  Cl 

E.341F 

CC 

1.2711  CC 

6 .EtlF-Cl 

/ .4?f t-C  1 

1.CT41-C1 

£.6221-0 

l  -  24 

5  •  1 2  2 1  Cl 

l.li.2l 

C  1 

2.1CE1  CC 

1 . C 1 6 L  CC 

3,'Ett-C  1 

1.E33F-CI 

1.22E1-C1 

FLIGHT  93 

Quarter  moon.  Data  were  gathered  over  the  wooded  terrain  of  the  Khorat  Plateau  some  60  km  east  of 
Khorat.  There  were  very  few  artificial  lights  under  the  flight  pattern.  The  terrau,  consisted  primarily  of 
dry  rice  paddies  and  deciduous  trees.  This  was  the  dry  season  (March)  and  the  vegetatior  (tree  leaves 
and  ground  cover)  had  lost  the  green  color  of  the  wet  season.  The  atmosphere  was  very  hazy  at  low  alti¬ 
tudes.  Some  clouds  at  an  undetermined  altitude  occasionally  obscured  the  moon,  Data-taking  started 
at  0111  local  time  and  ended  at  0334.  The  moon  phase  angle  was  83°;  the  moon  zenith  angle  ranged  from 
77°  at  the  start  of  sky  radiance  data-taking  to  58°  at  the  end. 
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.8707086 

.8*70096 

1219 

•0414396 

.1382961 

3964661 

.5375595 

.7252012 

.8306837 

.8515874 

l->24 

•  7394  . 

.0  >7959  )  . 

3113992 

.4573*20 

,6o7D031 

.7915168 

,81. 7026 

Ft'  1, 

f  Ml.  ') 

fill  .5  ,0.  4 

SIAM  TRANS,!! TT A 

fpcf-  '.R.'.i 

t  Aturu,.,- 

AT  T I  T  U  E 

NJ fH  AN  L  : 

IF  8*,TH  _F  SI.,Ht  ir.EG’.Et1) 

XL  I  (US 

93 

>6 

106  1V1 

12) 

150 

180 

;os 

.6062051 

.74337.9 

.66112)0  .9043504 

.949)972 

.9704643 

.974370* 

*.‘0 

.  '74 l'/ii . 

,  56019.nO 

7473736  .32268.-1 

•9G39C1C 

.9433359 

.9507371 

*14 

.222276! 

.4162312 

.693)424  .7438392 

.8379711 

.9153568 

.926267? 

1219 

,13062'6 

.3078045 

.3035541  .6724805 

.8143300 

.8881792 

.9024024 

1 324 

,0 17951 1 

.2315776 

.4798-24  .5110340 

.7749243 

.8631054 

.8802979 

Ft  1 

HI  M 

FtLK  * 

^0.  5 

>  AM  m.NSMTTANCL  FROM  GRODNO  TG  ALTITUDE 

ALT! Tf  It 

ANGLE 

OF  PATH  T  F 

SIGHT  (  )£>;->?*  5! 

u;  r.  u  > 

45 

93 

D>' 

10  s 

125 

150 

130 

)05 

.2821341 

.4709001 

.6052363 

.7  7)978) 

. 876976C 

,9270090 

.9364700 

olN 

.0819790 

.2287629 

.4769461 

.6085230 

<773274) 

.8620438 

.879360? 

>14 

.0223  -7) 

.1085378 

.3  '"0364 

.4/34103 

.6790327 

,7997275 

. 82403*4 

1219 

.')0s3171 

•0s08295 

.2241748 

.3666344 

.5949235 

74i.9435 

.7713129 

IS  *4 

.0015467 

.0245164 

.1564  72*2 

.  ‘>-68529 

.6239185 

.68852C5 

„ 7233  72  - 
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AZIMUTH 

OF  PATH  ■  1  51  iHT  - 

FLIGHT  ,40.  9) 

run  i 

NC.  1 

PATH  RADIANCE  FROM  ■, 80040  TO 

At  T I TUOF IHATI S/STER.RO.F 

•It  If.  *.! 

alti tune 

ZENITH  ANT.Lt-  , 

,;f  PATH  OK 

SIGHT  (DEGREES) 

MoTlRj 

93  <5 

\  S.V 

105 

12' 

l5f 

.05 

8.4041 — Ob  9.859i -Ob 

1.  ME-G6 

7.b73t-07 

2 .9051—07 

.10 

1.  <121— 05  1.151s- <5 

6.  r  >  iC-06 

4.4221 -06 

1 .746*— 06 

6.392'-C7 

<14 

3.20>F-9G  2.445'-Jr> 

9. 5558-06 

3.7281  -06 

1.265'-06 

1219 

4.132—05  3.h57:-05 

>.234l:-/»3 

1.5234-05 

6.169.-06 

2. 084  -06 

19  <4 

5.22/i  -Oa  4.454I  -05 

2.116E-05 

8.923!  -06 

3.049-06 

FLI  HI  '.0.  ">> 

Fill  P 

‘10.  2 

>ATH 

A01ANC r  F.lOV  >,AnUf  i-  X 

•  AL  f  1  TL.1'11  HATTS/STER.S'...*' 

mlri:  f.) 

ALTI  <  U'  ? 

L  ^ 1 f H  >V«GLc 

OF  PATH  OK 

SUHT  ( DEGREE  >1 

Pr  r.iti 

’OvF 

105 

12-. 

ISO, 

»  <3 

•334b—' 6.66V/-0*. 

3.47-3O06 

2.158F-06 

8.081E-07 

2.9291-07 

o  10 

1. 

737!:-»)v  l.3U-0b 

7.3  i3r-i)fc 

4.740fc-0b 

1.817—06 

0.442' -07 

>U 

3. 

t>l4i-0o  />•  7?  •*  5 

l.W't 

1.029l-05 

3.9JU-06 

1.2981  -06 

ipio 

79;.  .-3^  4*!>4t.-0  3 

2.751K-*'1' 

1 • 8155-05 

7.0C3!  -06 

2.242-06 

i  ./4 

«»• 

'»7ot->05  4.63?’ -U*) 

3.678c-0:> 

2.5015-05 

1.003‘.-G5 

,'.253  -06 

FLKH1  .3.  93 

FI  LI-  -C.  3 

PATH  F.sliM  GP/.O'D,  Ti. 

ALT I TUG 5  ( WATT  S/STER  ►  MICRO  '’.) 

ALTITUDE 

/  MTH  AM  L' 

•;F  PATH  if  GIGHT  (UFGOEFO) 

Mi:T<R5 

<3 

!Ci.  103  '2 

16 

105 

.  _1.603J:-0.  1.9  31,-15 

>.054l:-2*o  3.029C-O6  1.03CL-06 

3.279t-07 

'  to 

>.  12  •>-<'5  1.5?br-n.<- 

2.314t-'u  G  .1961-06  1. 897, —06 

.  .216—07 

914 

_ I.G64f-P3  2.7/2'  -05 

1.5241-1 .3  .  9.649Q-0C  3.5161-Ob 

1.105:  -06 

1219 

6.55bF-C5  4.79  31-0  j 

..6771-05  1.6971-05  6. 1769-06 

1.867’ -06 

1524 

6. 74.if.-09  i.Ss/'-OS 

3.3/91.-05  2.218L-C5  8.469L-C6 

2.63Cr-06 

FLIGHT  .10.  93 

FILTi:  <0.  4 

"ATH  .'.AL'IAACr  F.1UM  GRGU6C  TO 

ALTITUOEIHATTS/STLP.SC.P  MURO  M.  ) 

ALTI  iU't 

ZLNI1H  ANGLE 

OF  PATH  OF  SIGHT  UtGREFS) 

Mi  T.-RG 

•3  3  9b 

100  105  J  2  J 

150 

i'G 

MO 

<14 

121° 

1524 


1..0 

2.259  —  07 
4. B68C-07 
9.128L-07 
1.472!  -C6 
2.  134)— Go 


l  (i 

2.246i  -07 
4.9C6!  -07 
9.278.-07 
1.591'  -0. 
2.234'  -Ofc 


1  -C 

2.338c-i  7 
4.510  :-C 7 
7.754'-07 
1.26b  -Ot 
1.7771  -Cl 


UO 


FLI'.HT  NC.  93  FUTf.-!'  .ML.  5 

PATH  kAOIANCE  Fitl.M  CROUOP  TO  AL  T  I  TUCt:  (HA  f  TS/STF't.  SC.  8  .7 1  CPC  8.1 
AITIIUUC  Z'NIIH  AV.LL  OF  PATH  !>  SIGHT  (OL-Gi.C’-M 


Mi-TlRS 

33 

95 

100 

1.3 

170 

13- 

l.  396  .-36 

1.2  331  -35 

6.79GE-06 

4 . 12ut—06 

1.4611.-06 

4.449.  -C7 

'  10 

)  . 2661-03 

7* 4341-6 5 

1.3/6E-05 

8.7396—06 

3.180E-06 

9.703F-07 

>1* 

•’.9021— 03 

..‘.333L-05 

1.7051-03 

1.134E-C5 

4.4981-06 

1.463*  -06 

1 2 11' 

o.,.64i— Og 

4.671’  -03 

2.837F-05 

1.914L-05 

7.4341—06 

?.3b3'—06 

1  ‘3  *'4 

7 .7371-03 

6.43  l!  -05 

4.1621.-G5 

2.632F-05 

1.129F-C5 

3.623-06 

1 

3.125.-.-C7 
6.764. :-07 
1.047!— 06 
1.6901—06 
2. 530 —  66 
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>>.'  1  •'111  II 

l*h  PATH  »9 

5I4HT  = 

F  t  I 

HI  '1C.  O'.  1  II  1 

»  *  ♦  J 

ATIi  A  H  Ar.C! 

F  .HIM  (."I.u  ‘1-  TO  At  Iltui.t  («4TI  j/STS  l.SO.F 

fi.w.n  f.i 

AL  r  1  I'J'F 

/•“M  iH  A'J  <1  i;  )f  PA  l  h  OF 

SIoHI  Dr«i<LL' 

i 

VF  f  X-. 

VS  1  p  > 

l  j 

\7 

14 

l'T, 

:i  5 

'♦.o04l -06 

i.?7?t-06  i.  -  < 

1.  'J  /  -OA 

>.6T><  -0 1 

2.746  -07 

2.259F-07 

.  1  ) 

7„>0'i  -06 

‘u9/*m  •')(>  *' 

2*W9'-9f. 

1.2411  -06 

5.969'  -07 

4.8681  -07 

'14 

-J5 

UOO/h-JS  6.  WO’  -1*0 

A •  <« lt*i  -06 

2.  4  05'  -06 

1.138  -06 

9.  l2,’E-07 

.  'to 

U">90».-0> 

1.7*5r-<o  9#*JK7' 

7.3  11  -96 

3.827'— C6 

1.8A7  -06 

1.477'  -06 

1  i  'A 

1.94J  -05 

1.  fV'  -  '*>  1  •  3  if  •  -  ^ 

i.OJS  -  ).*» 

'  .453.-06 

7.684  -06 

2.134  -96 

K1 

»hi  t  o.  n 

1  1  1.  T  ' 

ill.  2 

r>  M  H  *A'IA  \!«;r 

\  •'  -v  o‘*i 

To  ALTiru1  LUATTi/  .Ti  .F 

MoX>.  F.) 

ali  iii,  i 

:r  .1  1  H  AVCI 

F  OF  I’ATH  •  1 

3KHI  (litO-CE.l 

V.  TPS 

)i 

■or. 

1-4 

1? 

15  ' 

1  r 

\  *i 

S.193'— 0o 

J.  6  » >'  -  Jo 

1.9'>  2 f- do 

1.297.-06 

5.. '46'  -07 

2.755. -„7 

2.M6.-I'! 

!  0 

P.  14/>  —  »'* 

6.  *  ^6‘  -*J6 

3.0  >1  -  A 

2.6o4»  —06 

1.253F-06 

5.995—07 

4.865.  -07 

ft* 

l  •  30>  —  >5 

1.05  3-  -  ■  > 

6.8  l'>l  -Oo 

4.916. -06 

2.426'  -06 

1.158T-C6 

9.278  — 07 

1  f»  / 

1  •  >  3  1  -  >•» 

1.049,-- '5 

7 . 798c— ''6 

4.01  51  -06 

1.945  -06 

1.551'  -06 

1  ■  •  A 

i  .  -'S 

}.  t  V  l »  —  >5 

l .  j  3 7 :  -..3 

1.C441  -<)5 

5.664  -06 

2..  0.4  -06 

2.7361-06 

rt  !  hi  .).'(>  r  IL  I  ’  r.  i 

HATH  '  At)  I  A  48  F  f  1*  WMl  Tt  41 1 1  TUO'  ( 9AT  7S/ST,  I’.  3  FlOk.J  8.  > 
ALTIIlliE  /i  ;  1  r  E-  A  »■  l.«_  "F  Ml..  if  I H I  CJECFEil 


f.  .1  y 

)■> 

»s 

i  r. 

It  i 

12< 

15r 

1<  *1 

0 '5 

:.*»!  IL—  1.’ 

3.7  ;4t- 

1.966'—'  >6 

1.28."  -96 

5.873' -07 

2. 632-07 

2.3381-07 

■  .10 

J  •  34')l-o6 

o  •  0  *>  9  -  '  o 

-i.  51  g-— ^  6 

2.3.19  -16 

1.125  -06 

5.4  59'  -C7 

4.610r-07 

114 

1.2461-Jj 

9.573i  -96 

-96 

4.6flF-06 

1.9791-  5 

9.553-07 

7,7541  -07 

l/l-l 

1. 

i.4A^  —  5 

9.  1  ,-:9.'—  '6 

6.533.— lo 

3.2oO>  -o. 

1 .576' -06 

1  *26o.— 06 

1  -.4 

0.106^- 

i.  77  >t 

1.26  76-15 

3.  '2  7'  -t’.o 

4.553.  -Oc 

2.220-06 

1.777'  -06 

4k 

.  Li  • 

T  ,ll. 

mr 

.0.  A 

iMTrl  --'A..  I  Also.. 

i-shm  i* 

.  Al  7 1  TOO'. ( WATT  S/5T*-  '.5*1.8 

81C9C  7.) 

AITI lU  F 

MUH  \r<  L'. 

.f 

51. HT  I'.rii.-Hf.  5) 

v-Tr  »  . 

0  3 

J 

U5 

.2  ; 

1  > 

1  '2 

'  5 
•It) 
H- 
i  <•  l  < 

i  >  w 


FL I  .HT  "O’.  M  mil  •:  .C.  5 

'ATI.  'A  P<V4  -'WJ'.C  Ti  AlTITUi)S:(kAm/l1t. r*,I '.Hi  *.) 

ALTI  HI  C  /I  VI  114  i  .U  -:  V  IMIh  .F  ,r;Hf  t oto.'t'.  g) 


/*  \  Ijs 

*;v 

i  '  ) 

i  - 

!?•: 

15  • 

l>;0 

J 

7  »  V JOt—  6 

5. IVSl-Oo 

1.  K.4,  -.  t. 

.561.-07 

3.909  -07 

3.125—07 

i  r 

1.1 3St_-  >s 

^•9/7  -06 

76 

3. .41  7  -96 

1.807.  -Oe 

8.442.  -07 

6.764-  -07 

ji  a 

U26K--  ■ 

i.o; 

7 •  S69*--  Jc 

i.  4931-06 

*'.731-06 

1.302  -06 

l.047o~06 

I  2D 

l. 

l.oCS*  - 

U^.-(  5 

2. 744'— ‘,6 

4.  '00.-06 

.  C99  -  .6 

1.690*— 06 

D  '• 

.'•4  ){•  —  > 

1.5^3  -  5 

1.1.4'.--  5 

6.A2,r-C6 

3.143  -06 

2.430.  -06 
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v,  imj.m  of  paih  i*r  s t  .hi  =  ii 

FLK.HT  >n.  -i,  F I L  T  ..  ;C.  ] 

ATM  "AiUANCL  F  —  V  .■('.II. •'  f*  AL1IIU  cIWATIS/ST..  l.SC.M  MICRO  M. ) 


ALT  I  ru  lb 

L  MIH  v;  >L. 

rf-  r* A  f  1  *  ..| 

3  loll  I  (060  jl>  '■I 

HFT*^ ' 

)  \ 

» i 

to«> 

10  > 

120 

IS.) 

180 

>  ji» 

4.23o.>06 

'*•>*>  1  -■  D 

i. 

1.1836-06 

5.6286-07 

2.7701-07 

2.259f-07 

.*10 

6«  tOh\ 

-.  6 

3.A3C*  —  u 

2.43R,.— 36 

1 .2110-06 

5.989: -07 

4.868-07 

J1A 

l»0*7c-0* 

5.77?.  -5- 

'  •  Q^f)c~Oo 

A .40 lt-06 

2.26U-C6 

1.125.  -06 

9.  128'  -07 

1  219 

l*3o2G-05 

l.  19  i-- J9 

*T.  7i>rjl  -*'ft 

6.6841—06 

7.6351-06 

1.815.  -06 

1.472.-06 

1d2 

1 

U(>U  -  * 

1.  li>3t-0b 

9.06?  -06 

5.1 39l-0o 

2.627'-06 

2.134i-06 

FLI 

SHI  :0.  <>i 

r  i  lt 

\n.  ■> 

PATH  EAUIAiSCF 

FR  6  ,xr.D\n  , 

4LTITU..1  1wVTIS/STf:>.:  S.F 

MR<,C.  ‘-.1 

ALT!  IUI  F 

l  \  1 1  H  ANIL.: 

1)F  PATH  UF 

ilOHT  (D£0'tL3) 

Ml  T'  K 

.  03 

94 

ICC' 

K5 

12  , 

153 

i('D 

..'5 

4.5638-06 

3.1511  -06 

1.7/U-06 

1.195  —.6 

5.671.-07 

2.770.— 07 

2.246.-07 

.10 

7.  181F-96 

3.5921— 0’> 

jt  -06 

2.463.1—96 

1.223  -!  6 

6.0301 — 07 

4,865'  -07 

7(4 

1.112' -05 

9.12oi  -06 

w.U9l-»‘o 

4.4721  -06 

2.320—06 

1.1481-06 

9.278^-07 

l’l  ) 

1  •  ‘>471—05 

1.3331  -.4 

).4  ?*-26 

7.102.  -’>6 

1.6326-06 

1.918c-C6 

1.55U  -C6 

1  .,'4 

1 .8261.-05 

1.63ol  -04 

9  •  oC  ft— 06 

5.4461  -06 

2.762.-06 

2.238.  -Co 

FLICHI  i.O.  9? 

FILTER 

*10.  3 

"aTII  .  A..IA.CC  FP.JM  OROU.NC 

TC 

Al  T!TUnF(WATTS/STi-.-.S4..i 

>_ 

Zj 
{ r 

ALTI  lUS'E 

ZLMIH  ANOL  f: 

»  PATH  ♦  f 

jIuHT  1 1  o1'  t  -  4) 

Miff  «' 

93  •■') 

•  L  ’ 

194 

12, 

130 

1  ,0 

305 

1.2146-06  .3671  -no 

U8I9S-C6 

1.2230—96 

5.833,-07 

2.8382-07 

2.338F-C7 

.»>0 

7.  >93i’-l>6  >< 5561,— 06 

3* 97P-0O 

2.28.1E-06 

1.1241— C6 

5.4976-07 

4.510.--07 

914 

1.  1065-05  9.5341—07. 

>•  3o>”0o 

3.839L-96 

1.944,  ~„6 

9.497.-07 

7.754l-07 

1219 

1.46  -94  1.2539-04 

d.  <?9AC-*  6 

6. 071'—  06 

1.  IS  7:—  06 

1.559  -06 

1.2663-06 

l3?4 

1 • 734.-04  1.310F-03 

1  •  06  >»  -Ob 

8. 040,1-36 

4.390-06 

2.183*--06 

1.77/2-06 

FU  ..HI  50.  93 

FILTtU 

90.  4 

IMTH  3AOI4MC8  FRC.A  OROU'JlJ 

rr. 

ALTITUN!  tWATTS/STf f>.'.  M 

MIC  .9  4.1 

ALTI fU  fc 

Z '  1ITH  ANCLE  I 

i;F  PATH  OF 

61 jHT  (Of  GRfcHSI 

9.T  R 

io; 

105 

12 

150 

180 

>  j'j 
>1C 
>14 

1  21  9 
1t.'4 


FLlOHT  NO.  33 

FILTER 

'1C.  5 

•ATH 

RADIANCE 

FROM  "ROSI'n:  TO 

ALTIT0iUWATfS/STF7.5..> 

HRRN  '.1 

ALT1TU  fc 

2.;  'll  TH  A»i,LO  ■ 

,’F  PATH  ~f 

SI9HT  C  *F(,'(rF3» 

MI-T.-RS 

9  3 

]  , 

:  <«„ 

105 

1 2 . 

l3„ 

1--0 

»  j5 

A  • 

,11 

4.619  -9t> 

2.6291-06 

1.784fc-.)6 

8.458*. -07 

3.9572—07 

3.125r-C7 

>10 

'I* 

(97t  — 0  j 

7.8461.-96 

3.01  fi-06 

3. 5711-06 

1 .7895-06 

8.539E-0T 

6.7644-07 

•14 

i. 

lWlc-^3 

9.0216-94 

6.  3 531 — 06 

3. 1186—06 

2.706fc-06 

1.3246-06 

1.0476-06 

1219 

!• 

6o3.:-03 

1.4? If— 05 

1. 0231-1-3 

7.8642-06 

4.3446-06 

2. 1488-06 

1.6906-06 

1424 

2* 

067L-05 

1. 847fc-05 

1.4Clf-o5 

1 . 1C  18-03 

6. 3468-06 

3. 1956-06 

2.5306-06 
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A  ‘ !  MUTI 

4  '&  P*M>  » 

U  /HI  = 

'  / 

!  U 

/HI  V. 

1  4 

MU 

10 i 

;< 

\  f » .'  A.jMXw. 

1  i>v  .  »i 

/■;*  C  Ir 

Ai.  u  tu.  1 

1  (wa  rrs/STt 

/  MICIT,  8.) 

AllIIU  L 

*  Mtli 

Af.  a  r.  i 

If  P  A  III  , 

.  1 

•>I6HT  (IJF.C.tUr 

v.i  !>’>'> 

\ 

4*. 

»«V, 

155 

12: 

166 

If  0 

*•'  5 

'  . /H  .--0  » 

UJV 

—  '  »6 

1.*/,  /  - 

4 

1.265.— 06 

3.7031-C7 

->.730‘ 

-07 

2. 259r-07 

>10 

f.M  t»  -  *r> 

.  uv 

V> 

1.0'./  -< 

i'u 

2.753L-J6 

1.2121-06 

6.8806 

-07 
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i'3 

(.10 

414 

1210 

14/4 


FLl  HI  .C.  93  rlLf-.  \U.  j 

•  I  8i-f.T  tOKAL  PATH  8FFLFC1AC6  FIC*  OPULNO  10  ALTITUDE 
ALTlIUl.t  7. KITH  Af.CLi  OF  PATH  t’6  2l',HT  lUEGRF.ES) 


«3T  35 

93 

9'» 

lOt 

105 

l?u 

\j  ' 

l-.c 

,  )4 

K33*t 

i . 

5.5766-01 

9.171E— M 

1.3t,7c-Ol 

5.482F-0? 

-'.4261-02 

1.8971-0/ 

>10 

C‘» 

1.96CF  Ot 

3.971)  -0! 

3.330-.-91 

1.315r-Ci 

4. 6315-02 

4.3721  -0. 

#  l  4 

<■.774^ 

ui 

5. 0.195  0  ; 

l.Wr  1C 

0.1461-01 

2. 2656-Cl 

9.406.— 02 

7.220L-C/ 

1214 

l.42/fe 

Oa* 

1.5S9E  01 

2.6-76  00 

l.?!9r  00 

4.1416-01 

1.64BF-01 

1.2466-01 

13 '4 

7* 

{» ’ 

4.2826  J1 

5.  1225  *>, 

2.182*  00 

6.806F-01 

2.638.-01 

1.987L-G1 

6-110 


A7IHUTH  OF  PATH  OF  SIGHT  *  27G 

FLIGHT  NO.  93  ML!..'  'IC.  1 

DIRECTION'*!-  PATH  REFLECTANCE  FRu.«  ,fMt'.'ir>  TO  ALTITUDE 


ALTITUDE 

/f-MTH  AflTLt 

OF  PATH  OF 

SIGHT  (OEGhFEM 

peters 

73 

95 

l‘)U 

1  )S 

120 

13  ) 

1 20 

JOS 

1.80/fc 

00 

7. I25r— 01 

A. OOP 2-01 

l.aOlc-Ol 

5.8841—02 

2.6435-02 

?. 162P-0? 

MO 

1.1S4L 

01 

2.8225  00 

7.67-3— Cl 

4.014F-01 

1 .4475-01 

6.194E-02 

6.C12I.-07 

714 

8.107E 

01 

1.03  IF  Cl 

2.035.-  00 

9.6035-01 

3.140E-01 

1.270E-0L 

1.G17I-C1 

1719 

4. 9051- 

07 

0.57 3‘~  01 

4.6>ll  UC 

1.967F  00 

5.82SE-C1 

2.2301—01 

1.757-3-CI 

Ls  74 

2.637E 

0  3 

1.0145  0/ 

9.237F  00 

3.51SF  00 

9.503E-01 

3.5085-01 

2.736L-01 

FU 

.Hr  jC.  )} 

ULTu  vj 

.  5 

nil'.FCTI  jnal  path  reflect  V  U: 

;  FpiH  -iRDUiC 

TO  ALTITUDE 

ALT  1  Ml  0 

2..NITII  'NOLL 

OF  P'TH  i  F  SI 

GHT  lilfcG-ttFil 

■  I  P.  s 

73 

>5 

IOC 

105  120 

15<! 

1-0 

1)5 

1.329E  07 

5.573C-01 

2. 140C-01 

1 .2553-01  5. 049E-02 

2.29JC-02 

1.878^-0- 

jiO 

6.C9RE  0.) 

1.9701*  03 

i.  747!-— Cl 

3.241E-M  1.219—01 

5.338L-02 

4.326r- 0  ' 

>14 

4_.  1.25  c_0 1 

7.034c  00 

1.513.  00 

7.628/— 01  2.637F-01 

_1.101fc-01 

8,8l6r-0>. 

1717 

2.1915  02 

2.1I7C  01 

3.451.  CO  ' 

1.55GE  00  4.939C— Cl 

1.981C-C1 

1. 573. -01 

1524 

9.379c  07 

1.479F  0: 

4.471.'  0) 

2.672/  00  7.864E-C1 

3.0S7E-01 

2.414—01 

FL1..HI  10.  73 

ULT..- 

•  U.  3 

'IR.-cI  1‘ONAt 

■All.  RLFLcCl  A  ’Cf- 

FROM  GltiiUNO  TO  ALTITUDE 

ALT1 IU  F 

2  -  11 IH  A90L4 

.'F  PATH  IF 

SIGHT  lOrGIFI  Si 

"-.rcKc 

73 

'  j 

■  o'- 

105 

124 

ISC 

let 

.  >5 

9,7J6s-)1 

l,637r-0l 

1.9jIL-01 

1.178c— 01 

4. 7265-02 

1 .9861-02 

1.S70C-0; 

oiU 

2.  >04c  05 

1.  132  3  0  •• 

4.1-/35-C1 

2.434L-01 

9.4665-02 

3.9725-02 

3.149K-0  ‘ 

•14 

3.7010  0 

c. ‘>'-7,;  )0 

8.0305-01 

4.46633-01 

1.6041- -Cl 

7.C77L-02 

5.6415-0 

121'* 

?.30»-  7! 

5.9  'i  7  c  . 

1.4115  OC 

7.914b— 01 

2. 8755-01 

1.202,'— 01 

9.593^-07 

1524 

7.764c  01 

1.  leS:  01 

2.494L  00 

1.2391  00 

4.3095-01 

1.770E-01 

1.4045-01 

FLIGHT  -0.  ‘).J 

FILM  "  iiC.  4 

DIRECTIONAL  »,)H  ReFLGCfAiC 

5  FR08  GROUND  TC  ALTITUDE 

ALMT'J'h  2:NIIH  ANCLE 

OF  PATH  OF  SIGHT  (DEGREES) 

5  T  RG  iZ  ')> 

iO-J  1-..5 

151 

nr 

>  IS 
MO 
■H4 
1217 
1524 


FU  -Hr  0.  73  FILM  NC..  5 

n! RECTIUNAL  PATm  pEFLTCIA.CC  FP.IW  GROUND  TO  ALTITUDE 


altjtui  f 

2  5  -1 1 1 H  At  .LL 

OF  PATH  >.'F 

iU'HT  iDCG’ctS) 

F  t*  T  r.  R  4 

7  3 

75 

toe 

105 

12" 

150 

no 

M>5 

1,4786  00 

6.122E-01 

2.332E-01 

1.364E— 01 

5.4315-02 

2.374c- C2 

1.8970-0,: 

nlt> 

7.3745  00 

2.0815  0,) 

6.220E-G1 

3.390F-CI 

1. ’745-01 

5.4755-02 

4. 3725-0  ' 

114 

2.8685  01 

5.205S  OC 

1.204L  OC 

6.097C-01 

2. 1535-01 

9.C56--02 

7.?20c-0-> 

1219 

1.724c  07 

1.656C  0) 

P.6315  SO 

l.l9w>-  OC 

f.“j75-01 

1.569  -n 

l. 2465-0' 

1474 

8.71513  07. 

4,387..  01 

5.7665  00 

2.1691  OC 

„.41H1-Cl 

?.520>  -Cl 

1.987-  -01 

6-11 


FLIGHT  96 


Quarter  moon.  Data  were  gathered  over  the  wooded  terrain  about  60  km  east  of  Khorat.  There  were 
very  few  artificial  lights  under  the  flight  pattern.  The  terrain  consisted  primarily  of  dry  rice  paddies  and 
deciduous  trees.  This  was  the  dry  season  (although  it  had  rained  in  this  area  during  the  afternoon)  and 

_  "  j—  • 

the  vegetation  (leaves  on  trees  and  ground  cover)  had  lost  the  green  color  of  the  wet  season.  The  atmos¬ 
phere  was  very  hazy  at  low  altitudes.  There  was  considerable  thin  cirrus  estimated  at  6000  m.  The  data- 
taking  started  at  2047  local  time  and  enued  at  2314.  The  moon  phase  angle  was  95*  the  moon  zenith  angle 
was  42°  at  the  start  of  sky  radiance  data-taking  and  was  65°  at  the  end. 


FLIGHT  NO. 96  FlLIi,:  NO.  1 


ALTITUDE 

DOWN- 

UP- 

SCALAR  SCALAR 

SCALAR 

SCALAR 

THiniKSI — VEuTng" 

— rctrorc — jubfdc""' 

'  TrWNVnrCTNTT'LPWFLL  TNG 

TOTAL 

ALEECC 

244 

1.041E-04 

7. 567E-06 

.073 

1. 8896-04  2.CC6E-C5 

2.CC9C-C4 

.106 

$6* 

1716(57-64“ 

1. 0460-05 

.OVT 

T.C9'4T-C4  '2.S44E-C5 

2*38 1E-C4 

•  13C 

851 

1.121E-04 

1.37  IE— 05 

.122 

2 . 194F.-04  4.T24E-C5 

2.6C66-C4 

•  ISP 

1143 

"9. 1361-05“ 

T.486T-6A 

•  111 

'  179376=04 - 4~V9TT-05 

2i316E-C4 

;26i 

1469 

8.203E-05 

1.737E-05 

.212 

1.518E-C4  5.385E— 05 

2.457E-C4 

4281 

FLIGHT  NO. 96 

FILTER  NO.  2 

I Aft AD! ANCEtWATTS/SQ.H. MICRO  H.) 

ALTITUDE  OCHN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

iheTe'rsT'  vellWc 

. ¥£Lrrw6"“ 

■•nr«W - DOVFJVfTtTRC '  UP  WE  LV ING 

TCTAL 

ALE6CC 

245  1.3196-04 

1.127E-05 

.085  2.2886-04 

2.754E-C5 

2.563F-C4 

.120 

572  1 .0966-04 

— v.T«w-tfr~ 

"VITT . 270Tir-«" 

“T.46CE-C5 

2.3596-C4 

.173 

854  9.659E-05 

1.504F-05 

.156  1.930E-04 

4.I35E-C5 

2.344E-C4 

.214 

1144  8.8326-05 

"  1 .718 E-C  3 “ 

.  1 9*4  1.841  £-04 

4*.  69  IE- 05 

2. 3  lit-04 

.234 

1477  7.5701-05 

2.11CF-C5 

.279  1.7426-04 

5.9966-05 

2.342E-C4 

.344 

1796  8.3946-05 

2 .3006-05 

'  .  27  4 . 2. 119*1— 6*4 

*6.6626-0  5 

2.815E-C4 

.322 

ALTITUDE  CCV.N- 

FLIGHT  NC.S6 

1RKACI 4NCEIWA1TS/SC 
UP- 

FILTER  NO.  3 
.8. MICRO  M.) 
SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS)  WfLLlNG 

NULLING 

ALeECO 

CCHK'HELLIRG 

LPWFLLING 

7C7AL 

ALEECC 

244  1.3946-04 

2.612R-C3 

.167 

2 .4666-04 

5.425E-C5 

3.0C8C-C4 

122C 

572  1.242E-04 

7.911E-05 

.224 

2.391E-C4 

t.6S2E-f 5 

3.C6CE-C4 

.266 

843  1.187E-04 

2.7586-05 

.232 

2.358E-C4 

6.5I46-C5 

3.CICE-C4 

.  77t 

...114.4 _ W19.7E.-QA. 

....Z.»5.Q81-P5... 

...  *2M... 

. 7.-1UI-C4.. 

..At.777.E-C5  . 

2.916E-C4 

.244 

1478,  6.8686-05 

2.402E-05 

.350 

1.636E-04 

6.C27E-05 

2.23EE-C4 

.368 

...175.4 _ 1.H3.ZC-0.4 

....2.t5.761rP.?... 

.....758... 

2.6976-04 

7. 873 E- 05 

3.484E-C4 

.292 

ALTITUDE  DOWN- 

Twrirrer — m*nw 

_ 251  __ 

572 

842 

“TiVi 

1478 

'Tm 


FLIGHT  N0.96  FILTER  NO.  4 

T«W8Y3W£rr«yfr/yfiv:mw*ir.T‘ 


UP-  SCALAR  SCALAR 

WFl'LlWG  ALBEDO' . DCVNWEirrN<TT)PVEllTNG 


SCALAR  SCALAR 
TOTAL.  ALEECC 


PLIGHT  NC.96 . PILTFR  MOV  5 

IRRACIANCEIHATTS/SQ.R.HICRC  N.) 


AtrmiDi - row- . 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(NE7ERSI 

WELLING 

HELLING 

ALEEOO 

CCHNWELLING 

LPHELL INC 

TCTAL 

ALEECC 

*«? — 

*T7*48fc-04 

1.1516-05 

.052 

2. 2836-04 

"2.7S4E-C5 

2.562E-04 

.122 

571 

8.696E-05 

1.571E-05 

.181 

1 .7746-04 

4.589E-05 

2.2336-04 

.239 

1143  * 

*9.6106-05 

2.2716-05 

.236 

2  VC23F-*04“ 

*5.6<6F=C3 

2  25946-04 

.281 

.  1477 

6. 061E-05 

1.4546-C5 

.240 

1 .4376-04 

4.2566-05 

1.1636-04 

•  296 

1792 

7.42 16-05 

2.U4E-05 

.25? 

1.543't-W 

■'6.912'P-C! 

2.6406-04 

.359 

6-114 


FLIGHT  NC.  96 

‘  AZIK'J 

TH  CF  PATH  Cf  STGH'T  V '  '  C 

* 

CIRECTIONAL  KEFLECTANCE  CF 

BACKGROUND 

ZENITH 

FILTERS 

ANCLE 

1 

2 

5 

3 

93 

.  -  .'28382 

.30612 

.25T5T9 

.61253 . 

95 

.72595 

.21087 

.22388 

.28139 

ICO 

.11378 

.13160  .12869 

•  1T256 

1C5 

.06293 

.10193 

.09689 

.15961 

170 

.08287 

•67757 

. v<mr# - 

'■'.'11867 . 

150 

.05731 

.06166 

.07685 

.15755 

1«10 

.C9103 

.08892 

.  1 2f6’6 

'.26512' 

FLIGHT  NC.  Ct 

LL  IfrL 

TH  Ca*  GAft  f.l 

SICHT  ■*  or 

CIRECIICnAL  REF!  F.CTANCE  f.F 

cjckcj  glm; 

ZENITH 

FILTERS 

ANGLE 

1 

2 

c 

•3 

.  ....  .93 

.75611 

•262P3 

.23U6 

.31216 

95 

.19010 

.18626 

.18618 

,22te 6 

100 

_ .  KA6.5 

.ioe?5 

.11101 

.18378 

105 

.07880 

.08980 

.05102 

.15513 

1 20 

.07582 

.079A5 

.07627 

.16163 

150 

.07666 

.07716 

.G8019 

.18610 

_ 180. 

_  .09103 

.  .08592 

. ..J25C6. _ 

...20512  . 

.  FlICHl  NC.  96  ...  .  _  _ 

AZ1NUTH  CF  FATF  CF  S I u F T  «  1FC 

. . DLRECT.10NAL. .REFLECTANCE  CF  CACKCF.GLNC . 


ZENITH 

F  ILT1»S 

-ANGLE . 

.  1 _  .  .2. 

5  .  .. 

3 

93 

.26017  .18566 

.21167 

.32866 

95 

.-16320  ...  .16668. 

.  .1.7 18  2 

— •  27  08  3_ 

100 

.08687  .10816 

.12639 

.27575 

105 

...  0.7897. . . .0966?.. 

.  1 1760 

.33570 

120 

.05205  .C9156 

.05656  • 

.19651 

150 

.08119  .oeess 

.C  521 6 

.26566 

180 

.09103  .oeb5; 

.  159C6 

".26512" 

Fl  IGF!  NC.  >.6 

A2INUTH  CF 

PATH  CF  SIOFT  •  270 

DIRECTIONAL  REFLECTANCE  CF 

8 ACKGROLND 

ZENITH 

FILTERS 

ANCLE 

1  2 

5 

3 

93 

.19571  .20667 

.22252 

.22160 

"95 

'*•'1563  8  . .15176 

"  . 1 5 CC7 

.20168 

100 

.06722  .11331 

•IC769 

.18396 

105 

.07188  .09680 

.06852 

.17358 

120 

.07836  .08199 

•C76C2 

.  19023 

150 

.05795  .C738C 

•  Ct?4<5 

.20668 

180 

.06103  .08652 

.12506 

.20512 

6-115 


"T5StT"32569 

FLIGHT  NC. 

96  O'lLVC  LC\:V  "ACTirtOt  t  8.1* 

2C?  IW*1 

"HtTriioE 

TOTAL 

SCATTFRi  NO  f  CtFUC  IFNT  1 FJR  7>6T«T) 

FILTERS  1 

< 

*  A 

r 

0 

9.  BC  96-i.  5 

7.77E  .-C5 

4.641*— C5 

1.C66E-C4 

30 

9.7776-08 

7.752F-C5 

4.625!  -C5 

1.C62E-04 

6 1 

9.7446-05 

7.7266-65 

4 .865 — C  c 

1.0586-C4 

91 

9.712F-05 

7.7CU-C5 

4.7532-05 

1.C5JE-C4 

122 

9.6ect-r,5 

7.675F-05 

4.777F-C5 

1.C51F-C4 

152 

9.6476-05 

7.65Ci -C5 

4.76  K-CS 

1.C48L-04 

183 

9.6156-05 

7.624F-C5 

4.745--C5 

1.C44F-04 

213 

9.5636-05 

7. 5996-05 

4. 7 1*-'  —0  5 

1.C4K-C4 

244 

9.5516-05 

7.573F-C5 

4.714C-C5 

1.C36F-04 

274 

9.6226-05 

7.632 f-C 5 

4.6SU-05 

1.C676-C4 

305 

9.5636-05 

- (TSVlT-C  5 

4.717*  -C5 

1.C43F-C4 

335 

9.3346-05 

7.0826-C5 

4.6586-05 

5.8456-05 

366 

9.2296-C5 

6 .7536-0  5 

4. 75CF-0? 

5.30CK-05 

396 

9.2276-05 

6.6746-05 

4.7C4I  — C  5 

9.21I6-C5 

427 

'*“8.7646-05* 

6.612F-C5 

4.'6 17-.-0  5 

5.215F-05 

457 

8. 3548-05 

6,6926-05 

4. 4168-05 

E.S35F-C5 

483 

6.02CE-05 

6.5C3E-C5 

4.371F-C5 

6.7455-C5 

418 

7.9eCc-f 5 

6.4976-C5 

4.3506— C5 

6.624.--C5 

549 

6.22C6-05 

6 .6246-05 

4.5566-05 

F  *4 1 ?£-C5 

579 

8.1646-05 

6. 8366-05 

4 .0666—05 

6.402'— 05 

610 

8.1976-05 

6.723E-C5 

4.C736-05 

6.F65F.-C5 

_ 6.4.0 _ 

_ .4,26.06-05. 

6.4156-05 

4.C77C-C5 

t.e52l'-C5 

671 

6. 3C56-05 

6.C476-C5 

2.5C5E-C5 

5.68 3F-C5 

_ .7.01 —  . 

_ S...01JL6-05 

5.,9.i;.6-Ci 

2. 5576-05 

5.8296-CS 

732 

7.265F-05 

6.0136-0  5 

4.1F5F-05 

6.216F-C5 

- 7.62  _____ 

.  .6,8556-05 

6.C43.6-05 

4.4376— 05 

6.4612-05 

792 

7.281E-C5 

6.0286-C  5 

4.1756-05 

6.5566-05 

_ .823. _ 

.7,66  06-05 

5,64.7.6-05 

4.063! -C5 

7.3C26-C5 

652 

7.9156-05 

4.C9U-C5 

2.771F-C5 

7.C29F-05 

_  fLR4. _ 

_ 1UQ5S.E-C5., 

4.694.6-0*. 

2.6164-05. 

7.C640-C5 

514 

6. 2251-05 

4 .6885-05 

3.5621.-05 

6. 6  760-C5 

_ £.45. _ 

...  P.13AE-Q5. 

4.660t-C5 

.4.167.-05 

7.CC3L-C5 

975 

9.38CE-C5 

k • 114E-C5 

4.3226-05 

7.C130-C5 

_ 10G6 _ 

.  .  1.0 CtE-04_ 

6.C641-C5 

4.46« "-C5 

7.C45F-CS 

1C36 

1. 0586-04 

t.383F-''t 

4.5175-C5 

6.762C-C5 

_ -U6J _ 

.....  1.00.16-04.. 

o,445c-C5 

4.552F-C5  _. 

6.5556-05 

1097 

1.054E-C4 

6.4CSF-C5 

4. 52.’5-C5 

6.5S8r-C5 

1128 

1.C37C— 04 

6.316I-C5 

4.5611— C5 

6.57C*-— C5 

ii  158 

1.0526-C4 

6.C156-C5 

4.4440-05 

6.4441 -05 

1189 

1.0676-04 

5.3136-CE 

4. 35C6-C5 

6,4636-05 

1219 

1.0436-04 

5. 4901-05 

4.205i-Ci 

6,5566-05 

1250  . 

1.C42E-C4 

5.4046— C 5 

3.85SF-C5 

6.6626-05 

1280 

1 .0266-04 

5.326c-C5 

3. 6518-05 

6.7166-CS 

1.0136-04 

5.5286-05 

4.326F-05 

6,6486-05 

1341 

9.4496-05 

5.7076-05 

4. 5076-05 

6.527F-05 

1372 

9.2416-C5 

t ,6026-05 

4.5166-05 

6.644F-C5 

1402 

9.5286-05 

7 •  IC36-C5 

4.5e5r-C5 

6.6536-05 

1433 

9,r52F-05 

7.C87*— ',6 

4.6236-05 

6.7326-05 

1463 

?. 4806-05 

6 .94 ic-C  f 

*4.8556*— C  5 

6.6156-05 

1494 

5.4336-05 

7.7216-05 

5.3406-C5 

6.8136-05 

1524 

9.2226-05 

8.4978-05 

5.616F-C5 

6. 7476- C 5 

1554 

-’.R066-C5 

9 ,C2e  5-05 

5.649C-C5 

7.37CE-CS 

1585 

7.552F-05 

9,7686-05 

5. 7476-C5 

7.442E-C5 

1615 

7,6596-05 

1.C42L-C4 

6.156C-C5 

6.696E-C5 

1646 

7,4286-05 

1. 1426-04 

t.4F4c-05 

6. 6736-05 

1676 

7. 5756-05 

1,207.— 14 

i . 24Cc-C5 

6.6516-CE 

17C7 

7.4696-05 

1.1230-04 

7. e  516-0  5 

6.6296-C5 

1737 

7.4765-05 

8.3350-* 5 

7.52S6-05 

6.6C76-C5 

1768 

7.7196-05 

6 .0795-05 

C  •  1 4  6  f-"C  5 

6.5852- CS 

179  o 

7.9796-05 

3  .052  *— C  5 

8.1 19t-C5 

6.5636-05 

1829 

7.952E-C5 

P«C25f:-i'5 

6.C026— 05 

6.541F-C5 

FIRST  OATA 

ALT.  5 

‘i. 

5  5 

5 

LAST  DATA 

ALT.  6C 

*:S 

59  57 

54 
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FLIGHT  \0.  96  FILTiR  NC. 

•!LAP  TRANSPITTANC-  FROM*  CROLNO  TO  ALTITUCE 


ALTITUDE 

ZENITH  ANGLE 

LF  PATH  CF  SIGHT  (DEGREFSl 

PETERS 

'.5 

10'w 

1C5 

12C 

15- 

ifiC 

305 

«  560  7t53  .7132466 

.8435056 

.£924415 

♦942757C 

.9665634 

.9709774 

C  10 

.3379649  .5276934 

.7.-54697 

.EC628C^ 

.8545273 

.5376754 

.9457945 

•m 

.2093929  ,4C  15756 

.6325566 

.7354803 

.8529667 

•51227C5 

.*9235620 

1219 

.  1124C88  .2822230 

.5295646 

•653116C 

.8021067 

.660*573 

.8956039 

1524 

.06073*  AO  .2007281 

.4466545 

.5823144 

.7558517 

.8507762 

.8693973 

FlLIti’  NC. 

2 

- 

CHAP  TEANSP  ITT  ANC-  F»CP  CRCl  M*  TO  ALTITLCE 

ALT  I 1LC6 

ZLNI 1 H  ANGLE 

CF  PATH  OF  SIGHT  (DEGREES! 

NETERS 

'93  .  95 . 

‘  'Tcc 

■ret . 

—  fJC  * 

150 

rec 

305 

.6375982  .765C18C 

.£742057 

.9137495 

.9543825 

.5734034 

.’91692$? 

61C 

.4255737  .6043632 

.lTbtiit 

’.T4«!13 . 

*29*15  9  8*2  6 

.9505831 

09570559? 

514 

.2982132  .4937564 

.7017015 

.7884825 

.8842514 

.9314413 

•5403464 

"1219 

'  .2075267  *  .403383? 

.6340 742 

~rrsev>y> - 

”8*536*3*48 

.9126829 

V9239236 

1524 

.1379001  .3220219 

.5662429 

.6627841 

.8207649 

.8922246 

.*9059606 

FLIGHT  NO.  96 

FILTER  NC. 

•a 

BEAP  TRANSMITTANCE  FROM  CRCLND  TO  ALTITLCE 

ALTITUDE 

ZENITH  ANCLE 

OF  PATH  CF  SIGHT  (C6GRFES1 

PETERS 

93  55 

IOC 

1C5 

12C 

15C 

18C 

305 

.7559045  .8465786 

.5 198C44 

.9454583 

.97138*4 

.9833781 

.585  5  889 

610 

.5787694"  .7244045 

.8505556 

.e9?ii7e 

.9453510 

.9680743 

.*9722516 

914 

.4518418  .6289478 

. 79236C2 

.8554304 

•922351C 

.9544053 

.9603911 

1219 

.  3436368  '*'  .53919*14 

•73343C6 

.8122058 

.8979243 

.9397297 

.5475887 

1524 

.2577716  .4599724 

.6772075 . 

• 7698 87C 

.8733941 

.5248211 

.5345556 

FLIGHT  NO.  96 

FILTER  NC. 

4 

BEAN  TRANSMITTANCE  FROM  GPCLNC  TO  ALTITLCE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH.  OF  SIGHT  (DEGREES) 

PETERS 

93  95 

ICC 

1C5 

12C 

ISO 

1EC 

£10 

914 

1219 

1524 

ALTULCE 


FLJGhT  N0j_?6  FILTER  NO.  5 

t’EAP  TRANSKITYancT  FRO'M  GRCLND  TO  ALTITUDE" 
ZENITH  ANGLE  CF  PATH  CF  SIGHT 


ICEGREES) 


PETERS 

93 

...  .  .~g. 

ICC 

*  1C  5 

12C 

15C 

18C 

305 

.5389801 

.6922076 

•8314C5E 

.8834878 

•9378886 

,9636550 

.9684466 

610 

•  314973*9 

.5062151 

.7105*634 

*.7951*27'?*" 

.8E81C07 

.9337802 

.5423510 

514 

.2102834 

.4030987 

.6337597 

•73641P5 

.853525E 

.9126161 

.*5238667 

1219 

.1373737 

.3184524 

•563CE25 

•68C226C 

.6191717 

.6912243 

.9050810 

1524 

•0892597 

.2521065 

•5C07E?? 

.6267634 

•  7?t4H3C 

.8705149 

.8868388 
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A7IMLTH 

CF  FATE  ir 

SIGHT  *  C 

FLIGHT  SO.  96 

“  FILTER' TIC.*  1" 

PATH  RADIANCE 

FROM  GROUND  TC 

ALTITCCEtkAlTS/STER.RC.M 

MICRC  M.» 

ALTITUOE 

ZtNITH  ANCLE 

OF  PATH  FF  SIGHT  (DCGPrCF) 

METERS 

93 

<)'.> 

100  1C  5 

12C 

15C 

18C 

305 

8.342C-06 

5.C65F-C6 

2.56C6-C6  1.64SC-f< 

7.15CF-C7 

31696E-07 

3.27eE-C7 

610 

1.379E-C5 

9. 1C7F-C6 

4.£33l-('6  3.14U-C6 

1.9S9E-C6 

6.916E-07 

6. 105C-C7 

914 

T.952Y-05  ' 

1.352F-C5 

7.362E-C6  4.8C4r-f6 

2. ICCC-C6 

9.S42F-C7 

8.668E-C7 

1219 

2. 4546-05 

1.824E-C5 

1.C48E-C5  6.941F-C6 

3.C321-C6 

1.373E-C6 

1.1681— Ct 

1524 

2.943E-05 

2.283E-C5 

1.361C-CE  9 • 145r-C6 

3.969F-C6 

l.743t-C6 

1.450F-C6 

FLIGHT  NO.  96  FUT«r  NC.  2 

PATH  RADIANCE  FROM  MOUND  TG  ALTI TLCE I MA TTS/STE R . SC.M  MICRO  M.) 

ITUCE  . ZENITH  ANGLE*  OF  PATH  LF  SIGHT  (DEGREES) 

METERS  93  95  ICO  ICS  I2C  15C  1EC 

105  "  8.786E-C6  '5.i‘88F-04 . 2.S51E-C6  1.6 lSc-06  7.C3rT-C7  3.522E-07  3.20CF -07 

610  1.382E-05  8. 8396-06 _ 4.557E_-C6  _2.S22t>C6  1.27it-C6  6.275I.-C7  5.64  -C7 

914  1 .764 £-05  1.1696-05  6.3*241-06  4.CE5E-C6  1.766E-C6  6.43Pt— C7  7.48M-C7 

1219  2.116.-05  1.49CE-05  8.166E-C6  5.313F.-C6  2.288E-C6  1.C56F-C6  9.199E-C7 

1524  2.454E-G5  1.R06E-05  ‘'W025E-C5*  6.74SC-C4  2.921F-C6  1.31Cr— C6  1.116F-C6 


FLIGHT  <VC.  56  FILU.»  NC.  3 

PATH  RADIANCE  FROM  CRCUNC  Tt  ALTI  TL'Ct  (  WA  TTS/STFR.SC.M  MICRC  M.  1 
ALTITUDE  '  ZCNITH  angle  OF  PATH  Of  SIGHT  ir.lG'lFES) 


_ eii£8i.. 

_ .n _ 

ICC 

ICa 

12C 

15r 

305 

7.411E-C6 

4.2C5E-C6 

2.CC5E-C6 

1.25K-C6 

5.33CE-C7 

2.632‘-C7 

610 

1. 3456-05 

6.Ct£r-C6 

3.955E-C6 

2.479E-06 

1.043E-C6 

4.997c-C7 

914 

1.842E-05 

1. 156E-C5 

5.76U-C6 

3.633F-C6 

1.50eE-C6 

7.CC8r-C7 

_ 12.1.9 _ 

.-2*Z47trfl5 

1.4?Ct-C5 

7.6221-C6 

4.825E-C6 

2.0C1E-C6 

9.16 1E-C7 

1524 

2.5276-05 

1. 7476-05 

9.293E-C6 

5.945E-06 

2.472E-C6 

1.110C-C6 

Itt 

2.422T-C7 

4.541F-C7 

6.2741-C? 

8.C98F-C7 

9.6S1E-C7 


FLIGHT  NC.  96  FILTER  M.  4 

P#X|1_RAP1A^CE  FROM  GRCUNC  Tt  ALTITLCEUATTS/STER.SC.M  MICRC  M.) 

AL*TTTUDE  ZENITH  ANCLE  GF  PATH  CP  SIGHT  (CEGPCFS) 

METERS  93  55  ICC  K5  12C  15C  ieC 

. 305 . 

_  610 _ 

S14 

.1219 .... 

1524 


' 

FLIGHT  NC.  96 

FILT 

NC.  5 

PATH  RADIANCE 

FRCM  GROUND  TC 

ALTITUDE  OAlTS/ST'v.FC.M 

MICRC  H.) 

ALTITUDE 

ZENITH  ANGLE 

CF  PATH  IF 

SIGHT  (l-tGCEESl 

MFTERS 

93 

55 

i  rc 

Ui 

1  ?C 

15C 

15C 

105 

1.248E-05 

7.576F-C6 

3.77CI-CF 

2.37U-CC 

5.9351-C7 

4.635T-C7 

4. 167F-C7 

610 

1.817E-05 

1.223E-C5 

6.5 14t-tt 

4.1V5E-C6 

1.764E-C6 

6.156E-C7 

7.182E-C7 

914 

2.172E-C5 

1.541F-C5 

L.536E-C6 

5,56SI.-t6 

Z.3F3E-C6 

1.C722-G6 

9.325F-C7 

1219.. 

2^5506.-05 

1.862E-05 

l.C?7f-Ci 

7.1C2F-.6 

3.C551  -C< 

1.356c-C6 

1.176D-C6 

1524 

2.692E-C5 

2.C88E-05 

1 .244t-t 5 

E.324E-C6 

3.616C-C6 

1.585.-C6 

1.357E-C6 
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AZIMUTH  DF  PATH  OF  SIGHT  «  SO 

FtiShf  no.  96  nrnrTrtrrT 

PATH  P.AP1AHCE  FPOH  GROUND  TO  ALTITUDE (NATTS/STER. SC. M  MICRO  M.) 
ALTlTODE  ZelriTT'ANGlTW-pATTW-WH-r-f'oTG'KE-E  i) 


METERS 

93 

95 

100 

105 

120 

150 

ICC 

305 

6.762E-06 

4.162E-C6 

2.176E-C6 

1.445E-C6 

7.C34E-C7 

3.E42E-C7 

3Z2T8E-C7 

610 

1.052E-05 

7.106F-C6 

3.927E-C6 

2.662E-C6 

1.31CE-C6 

7.146E-C7 

6.105E-07 

914 

1.296E-05 

9.39CE-06 

5.475E-C6 

3.768E-C6 

1.878E-C6 

1.C17T-C6 

C.66EE-C7 

1219 

J.462E-C5 

1.146E-C5 

7. 1599-06 

5.057E-C6 

2.574E-06 

1.383F-C6 

1.168E-C6 

1524 

1.56SE-C5 

1.3L1F-05 

8.5P8t-C6 

6.2C9E-C6 

2.229E-L6 

1.727E-C6 

1Z4JCE-C6 

fl; 

GHT  NC.  96 

FILTER 

NC.  2 

PATH  RADIANCE 

FRCP  r  ROOM  TC 

ALTITLCEtHATTS/STER.SC.P 

PICRC  P.) 

ALTITUOt 

ZtMTF  AKILC 

OF  PATH  OF 

SIGHT  ( OEGREE  $ ) 

METERS 

93 

96 

TOO 

1C5 

120 

15C 

180 

305 

6.5e2F-06 

3.9546-06 

2.C37E-C6 

1 .341 E -06 

6.577E-C7 

3.661F-C7 

3.2006-07 

tic 

9*9356-06 

6.5026-C6 

3.526E-C6 

2.369E— 06 

1.166E-C6 

6.05BE-C7 

5.642E-C7 

914 

1.166E-C5 

9.1461-C6 

4.6186-C6 

'  3. 15 OF -06 

1 .5676-06 

E.613F-C7 

7.'4#0E-C7 

1219 

1.2796-05 

9.459L-C6 

5.6C36-C6 

3.88SF-06 

1.959E-06 

1.069E-C6 

9. 199E-C7 

lb?A 

1.3 £5 6-05 

l.C76t-C5 

6.676c-C6 

4. 714F-C6 

2.417E-C6 

1.309E-C6 

1J116F-C6 

FLIGHT  NO.  96 

F  I L  1  ■:  M 

NC.  2 

PATH  RACIARCE 

FRCP  CRCUNC 

If 

ALTITLCEI MATTS/ ST tH.SC.M 

-  ICRC  P.) 

ALTITUDE 

ZENITH  ANCLE 

CF  PATH  CF 

SIGHT  (PEGREFSi 

M£TtRS — 

. .9.3.. .  . 

.  55 

ICC 

105 

12C 

15C 

18C 

205 

5.289E-06 

3. 0591-06 

1 . 536E-C6 

1.CC6T-C6 

4.842E-C7 

2 . 7036-07 

2.422F-C7 

610 _ a^.a&E-ct. 

.  5.534E-06 

2.FF01-C6 

1.9C7E-06 

9.245E-C7 

5. 1C8E-C7 

4.541E-C7 

914 

1 . 140E-05 

7.407E-C6 

3.9F2F-C6 

2 .6676— C6 

1.3C36-L6 

7 . 129E-C7 

6Z2746-G7 

L219 - 

_1^3i4A-n5.. 

.9.C7CE-06 

5.C53E-C6. 

3.42SE-C6 

1.696E-C6 

9.2786-C7 

8.C98E-C7 

1524 

1.402F-05 

1.016E-CS 

5 .894* -C  6 

4.C61E-C6 

2.C39E-C6 

1.113F-C6 

9.6516-C7 

--- 

FLIGHT  NO.  96 

FILTER 

NC.  4 

...  PATH.  BAOIAN.CE  FRCM  GROUND 

TC 

At T ITLCE (MATTS/ STEP. SC. P 

MICRr  P.) 

ALTITUDE 

ZENITH  ANGLE 

CF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

95 

ICC 

1C  6 

1  20 

15C 

18C 

305 

610 _ 

914 

1219 

1524 

- 

FLIGHT  NO.  96 

FILTER 

"NO.- 5 

- 

PATH  RAOIANCE 

FROM  GROUNC 

TC 

ALTITLCEIkATTS/STER.SC.P 

PICRC  M.) 

ALTITUDE 

ZENITH  ANCLE 

OF  PATH  CF 

SIGHT  (DEGREES) 

METERS 

93 

95 

IOC 

1C5 

120 

16., 

lec 

3C5 

8.497F-C6 

5.273E-C6 

2.762E-C6 

1. 8296-06 

8.792E-C7 

4.7841 -07 

4.1671-C7 

610 

1.207E-05 

P. 3136-06 

4.667E-C6 

3.163E-C6 

1.546F-C6 

8.329, -C7 

7.182f-C7 

914 

1.360E-05 

9.97CF-06 

5.E71E-C6 

4 .0496-06 

2.CC9E-C6 

i.ceci  -to 

9.225T-C7 

1219 

1.470E-C5 

1.131E-C5 

7.C11C-C6 

4.9:46-06 

2.4S3E-C6 

1.249:  -It 

1.17'l-C6 

1624 

1.46  7  e-05 

1  •  1S6E-C5 

7.763E-C6 

5.554F-C6 

2.668E-C6 

1.557,  -06 

1.357F-C6 
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AZIMUTH  CF  PATH  CF  SIGHT  -■  IfO 

FLIGHT  NO.  96  Flit:  >  NC.  1 

PATH  RADIANCE  FROM  CRCUNC  U  Al TITLCL t WATTS/STEP . EC . F  FILRl  F.l 


ALTITL'OE 

FETERS 

93 

ZENITH  ANCLE 
95 

CF  PATH  EF 
ICO 

SICHT  (CEG’t  F  SI 
1C  5 

12C 

15f 

If  C 

*C5 

6.698E-C6 

9. 199E-C6 

2.2C9E-C6 

1.9E8E-C6 

7.573F-CT 

9.132H-C7 

3.278i-C7 

:  10 

1.018F.-05 

6.9E2C-04 

1*9  36F-C6 

2 .7156-06 

1.91CE-C6 

7.7C9H-C7 

6.IC5F-C7 

•.19 

1.239E-05 

9.101E-06 

5.95CE-C6 

3  .P97E-C6 

Z.C996-C6 

1.1C9I-C6 

e.66fl-C7 

1219 

1.359f-05 

1.0R3E-05 

4.9h3E'-C6 

5.C53E-C6 

?.7ttE-C4 

1.999T-C6 

1.16EF-C6 

1529 

1. 9966-05 

1.22CE-C5 

8.3C36-C4 

6.169f-C< 

3.95C:-C6 

1.852f-C6 

1.95CE-C6 

FLIGHT  VO.  96 

F  I  L  T  •  *n  M 

•  2 

PATH  AAOIANCE 

FRCF  CRGLNt 

TL 

AL TITLE .(WATTS/iTLR. SC. F  FICPL  F.l 

ALTIILOt 

ZENITH  ANGLE 

OH  PATH  f 1  £  I 

."FT  (EEC  E E  1 1 

PE7F9S 

9.3 

95 

IOC 

ICS  12L 

ISP 

1PC 

3C5 

6.567I.-C6 

9.0C1E-C6 

2.I15E-C6 

1.926C-C6  T.555C-C7 

9.291r-C7 

3.2CCE-C7 

CIO 

9.783H-C6 

6.930E-C6 

3.616F-C6 

2.956F-C6  1.327— C6 

7.91?  -f 7 

519 

1.139E-C5 

3.C67E-C6 

9.711  E-C.c 

3.3C7E-C6  1.775E-C6 

5.81!)  -C 7 

7.98CT-C7 

1219 

.l»239£-ft5  . 

9.296E-C6 

5.679E-C6 

9.C59F-C6  2.212E-C6 

1.2C7  —  E6 

9.195L-C7 

1529 

1.353E-C5 

1.CC9F-C5 

6.769F-C6 

9 .5CEF-C6  2.7C6k-C6 

1.955  -ft 

1.116-C6 

FLIGHT  SC.  96 

- 

FILItR  . 

2 

PATH  RA3IANCE 

TPEH  CRCLM 

TE 

ALT ITLDctNA 

S/STER.SC.F  HICRC  F.l 

ALTITL'OE 

ZLMIH  ANGI  E 

CF  FATH  EF  SIGHT  CCEGREES1 

—  JBJETEPS _ .93..  . 

55 

ICC 

1C  5  IZC 

I5C 

ICC 

305 

5. 125E-06 

3.01 5t-C6 

1.E77L-C6 

1.C75H-C6  5.8UE-07 

3.325F-C7 

2.922E-C7 

6  1C 

P.6975-C6 

5.922F-C6 

2.5921-1 i 

2.C3CF-C6  1.1C5F-C6 

6.2C3E-C7 

9.S91E-C7 

519 

1.381F-05 

7.2C6F-C6 

A  •  CiC  F-v.6 

Z.E32H-C6  1.557E-C6 

8.577I-C7 

6.279E-C7 

1219 

1.239E-C5 

6.A66E-C6 

?.C5ir-C6 

3.S7EE-C4  1.589E-C6 

1.C91E-C6 

8.C9EE-C7 

1529 

1.310F-05 

9.662F-C6 

5.?5H-Cc 

9 . 2CCF-06  2.397E-C6 

1.286— C6 

9.65IE-C7 

FLICHT  NO.  96 

FILTER  NC 

•  4 

PATH  RADIANCE 

FRCF  GRCLNC 

TL 

1  TITLrElHATTS/STEft.SC.H  FICRC  H. » 

ALTITUDE 

ZENITH  ANGEE 

C.  RATH.  CF  SIGhT  CCE&REE5) 

FE1HRS 

93 

95 

ICC 

IC5  12C 

ISC 

ItC 

30  > 
610 
919 
1219 
1529 


FLIGHT  NX.  96 

FTl.TrP 

NC.  5 

PATH  RADIANCE 

FRLH  GRCL'NT  7C 

AL TITLE FI »AT1S/STFR.sC.F 

HICRC  F.) 

ALTITLCF 

ZENITH  ANGEE 

CF  PATH  CF 

SIGHT  (IFGPEci) 

Ff 1ERS 

93 

95 

ICC 

ICS 

1  20 

15C 

1EC 

\) 

R.  ?Cl— 04 

5.172— C6 

— FI8E-C4 

1.5921-06 

1.C96F-C6 

5.619— C7 

9.167F-C7 

•  i; 

1.13>— C5 

7.56CE-Cc 

9.i95t-f  6 

3.27CE-C6 

1.776E-C6 

5.S931-C7 

7.182E-C7 

919 

1.271  .-05 

5.9C9E-C6 

-Ct 

9.193C-C6 

2.27CE-C6 

1.22C..-C6 

9.325  — C7 

1219 

1.36*0-1  5 

l.CSC—CE 

6.9: 2l -f  6 

5.C55E-C6 

2.E11E-C6 

1.519— C6 

1.176L-C6 

1529 

1.3EOE-05 

1. 151F-CS 

7.7C71-CC 

5.7C9F-CC 

3.215E-C6 

1.732—C6 

1.3S7F- CC 

6-120 


—  mu  .**i«  JIT 


AZIHUTH  cf  PATH  OF  SI  I  I  =  2 ?c 

"'FL1CHT  *.C.  96'  "  -  'TltTtR  'NC.~'l 

PATH  RADIANCE  PhCh  GiWUNC  TC  ALT!TL'CE{hA7TS/SlER.Sl.R  RICRC  R.) 
ALTITUDE  .  ZENITH  AN  G  L  E’CF  "  PA  TH  CFSIGHTf  CE  GP  EF  S ) 


PETERS 

93 

95 

ICC 

1C5 

12C 

15C 

18C 

305 

6.8736-06 

4.221F-06 

2.195f-C6 

1.45CE-06 

6.976E-C7 

3.776E-C7 

3. 2186—07 

610 

1.0476-05 

7.0R6E-C6 

3.922L-C6 

2.6A6E-C6 

I.296E-06 

7.0436-07 

6.105E-C7 

S 1A 

1.264E-05 

9.3126-C6 

5.424E-C6 

3.728E-06 

1.8536-C6 

1.C05E-C6 

8.-6686-C7 

1219 

1.425E-C6 

1.1216-05 

6.963E-06 

4.S21E-C6 

2.5C3E-C6 

1.3576-G6 

1.168F-C6 

1524 

1.A93E-05 

1.2A7E-C5 

8.244E-06 

5.9TAE-U6 

31 1C5E-C6 

1.690E-C6 

l.'A50E-06 

- 

FLIGHT  »C.  96 

F I LTEP 

NC.  2 

PATH  RADIANCE 

FMCR  CRCUNC  IC 

AL  T ITLCE (WATTS/ST6R.SC.R 

HICRC  H.) 

AL1  ITURE 

ZHMTh  ANCLC 

OF  PATH  CF 

SIGHT  (DEGREES) 

PITERS 

93 

95 

IOC 

1 C5 

12C 

15C 

18C 

305 

6.590E-C6 

?.96i  C-C6 

2.C39E-06 

'  1  •  3496-06 

6.596E-07 

3.669E-C7 

3.20CE-C7 

610 

9.83RE-C6 

fc.45?i‘-C6 

3 . 5C6E-C6 

2.362E-C6 

1.170E-C6 

6.5296-C7 

5.642E-07 

•314 

1.160F-05 

e.icsr-ct 

A.6C0E-C6 

~  3~.~142E-06 

1.570E-06 

B.686F-C7 

7.’480E-07 

1219 

J. 2886-05 

9.499E-C6 

5.6CAE-C6 

3.879E-06 

1.954E-C6 

1.C72T-C6 

9.199E-C7 

1524 

1.404E-05 

1.C8EE-05 

6.665E-C6 

A.7COE-06 

2.397E-C6 

1.305F-C6 

12116E-C6 

FLIGHT  AC.  96  FUTFR  NOV  ~3  ' 

£AIH.&AOXAKCE.  FROM  GHCUNC  TC.  AJ.T I T UCE( H* J_ T$/$T  E_R_ t S.G >  MICRO  R.) 


ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

.  .  PETERS.. 

. -93. - 

96 

ICC 

1C5 

12C 

15C 

18C 

305 

5.0816-06 

2.556E-C6 

1 .5C4E-C6 

9.9E46-0T 

4.971E-C7 

2. E23E-C7 

2.422F-C7 

610 

8.748F-06 

,6.4146-06 

2._85C6-C6 

1.912E-06 

9.536E-C7 

5.322E-C7 

4.'541E-C7 

914 

1.1166-05 

7.277E-C6 

3.956E-C6 

2. 68  IE— 06 

1.347E-C6 

7.4 186— C7 

6.274E-C7 

1219- 

--L.236f.rfl5— 

... EU.9fl2fc-C6 

..  4»95e£.-.C6. 

. 3^422£-Ct_ 

1,7316-06 

9.5481-C7 

8.098E-C7 

1524 

1.38*6-05 

1.C04E-C5 

5. G46F-C6 

4.C5CE-C6 

2.068E-C6 

1.139E-C6 

9.651E-C7 

FLIGHT  NO.  96  FILTER  NO.  A 

PATH  RADIANCE  FRGK  GROUND  TC  ALTITUCECHATTS/STER.SC.P  HICRC  R.l 
ALTITUDE  ZENITH  ANGLE  CF  PATH  CF  SIGHT  {DEGREES! 

HETERS  93  95  IOC  IC5  IZC  150  18C 

305 
CIO _ 

91 A 
1219 
1 52  A 


FLIGHT  NO.  96 

FILTER 

NC.  5 

PATH  RADIANCE 

FRCP  GROUND  TC 

ALTITLCEOiATTS/STCR.SC.P 

PICRC  R. ) 

?nucE 

ZENITH  ANGLE 

OF  PATH  CF 

SIGHT  (CEGRFES) 

PETERS 

93 

ICC 

1C5 

120 

15C 

18C 

305 

e.l67F-C6 

5.C82E-C6 

2.6796-06 

1.7E6E-C6 

E.748E-C7 

4.6lo£-CT 

4. 167E-C7 

UO 

1.1561-05 

7.9851-06 

4.5C7F-i 6 

3.C74E-C6 

1.53CE-C6 

e.357r-C7 

7.182F-C7 

914 

l.  i I2t -C5 

9.63C!-Cc 

5.6E7.-C6 

3.942F-06 

1.99CE-C6 

1.C88.-C6 

9.225E-C7 

121  < 

l.^or-cs 

1.  1 12*'— v  5 

b.tiU-ce 

4.e28t— C6 

2.479F-C6 

1.372. -C6 

1.176E-C6 

1324 

1.44  7F-C5 

1.18IF-C5 

7.634E-C6 

5.4766—03 

7.855E-C6 

1.583t-C6 

1.257F-C6 

6-121 


AZIPUTH  CF  FATh  CF  SIGHT  *  C 

'FL  IGHT' NO.  56  F  t l  lift  NC.  1 

DIRECTIONAL  PATH  REF  LPCTASCL  MIN  CPI  CSC  1C  ALIITUE 


ALT! fLCL 

(■  M  TH  ANCLE 

cr  PATH  ,1 

SICHI  ICEGPFF.  SI 

PETERS 

V3 

36 

ICC 

1C  5 

17C 

15t, 

l?C 

305 

A.AA28-01 

2.1A3E-C1 

9. 166t-C2 

5.56AE-C7 

2.352F-C? 

1.15Ar-C2 

12C19C-C2 

610 

1.232E 

00 

5.2106-01 

2.C11E-C1 

1 . 176E-C1 

A.72CE-C2 

2.226E-C2 

1.54FE-C2 

91A 

2.813k 

00 

1.C16E  OC 

3.5I2E-CI 

1.571E-01 

7.A29E-C? 

3.289F-C2 

2.8336-02 

1219 

6.SS9C 

CC 

1.951*-  CC 

5.5*  7.  -Cl 

3.21CE-C1 

1.1A1E-C1 

A.7C5F-C2 

3.53AE-C2 

152A 

1  .  A6 1 1* 

Cl 

3.A33E  Of 

5. 159. -Cl 

A.7ACE-C1 

1.5531-CI 

6. 182E-C2 

5.C33F-C? 

FLIGHT  SC.  '.6  UllfP  SC.  2 

CJRCCI ICNAL  PATH  REFLEC  f ASCE  FRCP  C»CLNC  TC  ALTITLCF 


ALTIH.OE  2T-SITH  ANCLE  r,F  PATH  CF  SIGHT  (DEGREES! 

HE  If  PS  )i  56  ICC  ICS  12C  I5C  ICC 

305  1.282, --Cl  KCW-Cl  6.S5H-C?  A.2C9E-G2  1.755E-C2  8.616E-C3  V.BCOt-C’ 

610  7.732.--CI  3. 4336-C1  1.397E-L1  B.2AAE-02  3.315F-C2  X.572E-C2  UAGAf-CF 

•H4  ~  1.6C9E  00  '  5.736 E- 01  Z.lAfifc-Ct  '  1.235E-C1  A.762fc-C2  2.157E-C2  l.'eiAt-C7 

IJW  2.628E  CO  8.79»F-C1  3.C67F-C1  1.71SE-C1  6.38AE-G2  2.755E-C2  2.37U-C2 

1526  A. 2381:  CO  1 .326U  CC  A.21?--'l  2.25AI-11  R.A76F-C*  3.A57E-C2  2.53AI-C7 


FLIGHT  NO.  56  FILIPP  NC.  3 

DIRECTIONAL  PATH  16FLECT ASCfc  FSCH  GRCLND  1C  AlTITCCE 


ALTITUDE 

2EMTH  ANCLf 

CF  PATH  Cf 

SICHT  (CEGPEESI 

PCItRS 

_  93 

55 

ICC 

1C5 

12C 

15t 

1<!C 

305 

2.210E-C1 

1.120F-C1 

A.5136-C? 

2.98AI--C? 

1.23  7H-C? 

6.C221-C3 

5.5AU-C7 

610 

5.239E-C1 

2.5118-Cl 

l.CASf-Cl 

6.22EE-C7 

2.AE6E-C2 

1.16AF-C2 

1.0S3E-C2 

91A 

9.168E-C1 

A.1A2E-C1 

1.6A5E-C1 

5.57AE-C2 

3.6E6t-C2 

1.655E-C2 

I.A73F-C2 

1219 

.  l*A.ZA£-aO 

t. 1876-01 

2.2A2E-C1 

l  .3256-01 

5.C236-C2 

2.198F-C2 

1.926E-C? 

152A 

2.210c  CC 

8.535E-C1 

2.CS3c-Cl 

1.7A1F-01 

6.381F-C? 

2.7CAr-C2 

2.22PF-C 2 

FLIGHT  NC.  36  FILTER  NC.  A 

^ClRECIIGNAk  PATH  REFLECTANCE  FROP  GRCUNO  TC  ALTITUDE 
ALTITUDE  '  2EMTH  ANGLE  CF  PATH  CF  SIGHT  CCEGREE SI 

PETERS  93  95  ICC  ICS  120  15C  1BC 

305 

_  610  _ 

91A 

_  1213... 


FLIGHT  NC.  36  F1LTFR  NC.  S 

DIRECTIONAL  PATH  REFLECTANCE  FRCP  CRCXND  TO  AlTITUrt 
ALTITUDE  . ZENITH  ANC-LF  CF  PATH  CF  SI  CHI  (IECTFS1 


PETERS 

93 

95 

ICC 

ICE 

1  ?f 

156 

ICC 

305 

5.828't-01 

2.7566-U 

1.1A1E-C1 

6.755F-C2 

-  .t*-7;  -c; 

1  1 1— '  2 

1.C82  -c; 

610 

1.A52E  JD.O 

6.C8C6-0 1 

2.2CEC-C1 

1.32FL-T 1 

5.CE61-CC 

2.19Sf-(V 

1.515! -c; 

91A 

2 .6006  00 

9.621E-C1 

3.330E-C 1 

1.5CAE-<  1 

7.02  FF-C  2 

2.556C-C2 

2.5A11-C2 

1219 

.A«6I3ECC._ 

1.A88E  CC 

4.8156-61 

2.628E-CI 

5.3S9E-C2 

3.625E-C2 

3.272E-C2 

1S2A 

7.S92E  CO 

2.065c  CC 

6.25AE-C1 

2.3’3r--Cl 

1.157F-CI 

4.584! -C2 

3. ESI  C-C2 

th^f,  1)1  •»•>!>  'til'll  “  tw/nwrf/'jp 


■ui  un*_eyu*i_...!.~ 


AZIMUTH  OF  FATF  OF  SIGHT  =  «C 

'TCT5Wra.9<S 


~  FILTER  NC.  '1 
DIRECTIONAL  PATH  REFLECTANCE  FROM  GROLNO  TO  ALTITUDE 


ALTITUDE 

METERS 

305 

610 

91A 

1219 

152A 


93 

3«6Cb¥-0 1 
9.393E-0J 
1.868O0  ' 
3.92AL  00 
7.772E  00 


2 tttlY  H‘  ANW  OF  'Path  Of  SIGHT  (DEGREES) 


95 

T.T61E-0T 
A.CE5E-01 
'7Vc'5'TE-cT 
1.227F  00 
1.956E  00 


ICC 

Ti 779E-W 
1.6386-01 
2.6L2E-C1 
A.C77E-C1 
5.8C3E-C1 


1C5 

A'.ffe'£E-02' 
9.S63E-02 
l .£9  EE-01 
2.337E-C1 
3.218E-01 


12C 
2i¥52E-02 
AJA18E-02 
6.644E-C2 
5.6E7E-C2 
1.289E-C1 


15C  16C 

1.2C0E-C2  i;C19E-02 

2.3C0E-C2  l.SAEf-O? 

3.366E-C2  2.E33E-C? 

A.739E-C2  2.S3AE-C2 

6.125E-C2  5.C33F-C? 


FLIGHT"nO.  9c  ’  ’  ‘  FILTER  NC.  2 

OIRECTIONAL^PAJH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 
ALTITUDE  .  ‘ZENITH  ANGLE  OF"  PATH  OF' 'SIGHT  (DEGREES) 


METERS 

93 

95 

ICC 

1C5 

12C 

ISC 

1EC 

* 

'  305 

3.A58E-01 

1.231E-C1 

"5.5A8C-C2 

3.5116-02 

1.6A1E-C? 

8.956E-C3 

7.’ECCE-e3 

610 

5.560E-01 

2.562E-C1 

1.C81E-C1 

6.683E-0? 

3.022E-C2 

1.618E^C2 

1.A04E-C2 

- : 

91A 

9.311E-01 

3.929E-C I 

1.S67E-C1 

‘  9 . 5*1 5F-02 

A.221E-02 

2.202E-C2 

I.89AE-0? 

- 

1219 

\.<m £.p.g.. 

5.58AE-C 1 

2.1C5E-C1 

l.l*5tE-Cl 

5.A64E-C? 

2.788E-C2 

2.37IE-C2 

; 

152A 

2.392E  00 

7.975E-0T  * 

2.8C8E-C1 

1.  AAE-C1 

7.C13E-C2 

3.A93C-C2 

2i934F-C2 

1 

FLIGHT  NO.  96  FILTER  NO.  3 

CIREdI0NAL_P9I»-E£f-L£CJ-ARCt_FR_CH_£RfLL't(p_ JXl_ALTI/!l'DE_  __  __ 

ALT  I TUCE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DECREES) 

- 8LIERS . .91 . . . 95, . ACC. .  ......US..  12C  15C  lee 

305  1.577F-01  8.1AAE-02  3.76AE-C2  2.3S7E-C2  1.12AE-C2  6.196E-C3  5.541E-03 

_ 6LC _ 3«500£-QI _ _ UI2.2E.-C1 . ...J7.612E-C2 .  A.792C-CZ _ 2.2C3E-CF  1.I89E-C2  1.CS31-C2 

91A  5.688E-01  2.655F.-01  1.133E-C1  7.C28E-02  3.1E3E-C2  1.684E-C2  UA73E-C2 

. 1219  — -.S»6£.5£tOI . 3u2tt2ErHl . 1.553F.-C1 _ 4*517i.-<8  ...  4.259E-C2  2*226E-02  l.'WH.l 

1529  1.226E  00  A.976E-0I  1.962E-01  1.IE9E-C1  5.262E-C2  2i7t2E-02  2.'328EH)2 


FUGHT  NC.  96  FUKR  NO.  A 

CIRECTICNAL  PATH  REFLECTANCE  FR.CN  GROUND.  _IC.  ALTITUDE 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

METERS  93  95  ICC  ICS 

305 


(-10 

91A 

1219 

U2A 


12C 


ISC 


m 


FLIGHT  NO.  96'  FILTER  NC.  5 

DIRECTIONAL  PATH  REFLECTANCE  FROM  C-ROUND  TO  ALTITUDE 
ALTITUDE  — . .  YEW iYfTANGL EOF' "F AT H  CF  'Sl'GH7TC¥GRE¥Sj 


METFRS 

93 

5S 

IOC 

105 

12C 

ISC 

iec 

305 

3.969E-C1 

1.918E-01 

8.363E-C2 

5.212I-C2 

2.36CE-C2 

1.25CF-C2 

1.C83E-C? 

'  “  - 

610 

9.646E-01 

A. 13AE-01 

1.653E-CI 

1.CC16-C1 

A.38ZE-C2 

2.2A5F-C  2 

1.9191 -C? 

' 

91A 

1.628E  GO 

6.231E-01 

2.332E-C1 

1.38AE-C1 

5.926F-C2 

2.980E-C2 

2.541E-C2 

1219 

2.693E  00 

8.998E-01 

3.13AC-C1 

1.E22E-C1 

7 .6tCE-f  2 

3if 11E-C2 

3.272E-C? 

- 

152A 

A.1C3E  CC 

1.19A6  OC 

3.897F-CI 

2.22AF-C1 

s.nsE-cz 

A.5C2C-C? 

3.E5CE-C.' 

6-123 


AZINUTh  cr  Fir*-  CF  SIGHT  j  lie 

FLIGHT  NC.  9 6  FILTER  NG.  1 

.  DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 

ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


...  HjE.TE.R5  .. 

. . 93. _ 

95 

IOC 

1C5 

120 

150 

18C 

305 

3.566E-01 

1.756E-01 

7.882E-6? 

5.032E-02 

2.626E-02 

1.290E-C2 

12C19F— C2 

610 

9.092E-01 

3.977E-01 

1.637E-01 

1.016E-01 

6.767E-C2 

2.681E-C2 

1.968E-C2 

916 

1.786E  OG 

6.860E-01 

2.600E-01 

1.578E-01 

7.251E-02 

3.670E-C2 

2.-833E-C2 

_ X2X9 _ 

.3^636£..CQ... 

..1.J58A.0C.. 

3.965^-01 

2.335E-0J 

1.061E-C1 

5.120E-C? 

3.936E-C2 

1526 

7.178E  00 

1.8356  CO 

5.610E-01 

3.197E-01 

i;376E-Cl 

6;S68F-C2 

52C336-C? 

FLIGHT  NO.  96  FILTcR  NC.  2 

DIRECTIONAL  PATH  REFLECTANCE  FRCP  GRCUNB  TO  ALTITUCE 
ALTITUDE  ~  "  ZCMTH  ANGLE  OF  PATH  OF  S'lGHT' (DEGREE S) 

HETERS  93  95  ICC  ICE  12C  15f.  ISC 

*  305  2.669E-01  1.265F-C1  5.7C2E-C2  3.763E-02  1.6E5E-02  l.C3P'-C2  7.ECCE-C  3 

610  5.675E-C1  2.5t>5f-01  _J.C63E-C2  _  3.650E-C2  1.857E-C2  1.6C6L-C? 

916  9. 096 F -01  3.'fi9'lF-Ci  1.S99F.-C1  '  9YsTe'E-C2  6iY9'2‘E-0?  2.51CF-C2  1.896F-C? 

1219  1.621G  OC  5.6firL“Cl  2.133E-C1  1.3UE-C)  6.17CE-C2  3.169E-C2  2.371F-C2 

1526  '  2.336E  CC  7.87W-CI  2.6676-01  1.712'fc-CT  7.851E-C2  3.853E-C2  2.9361-CT 


FLIGHT  VO.  96  i  III.-  !  NL.  3 

CIRECTICNAL  PATH  REFLECT  ANCC  FRCP  S->:.LNC  TC  ALTITULE 
ALTITLGE  ZENITH,  ANGLE  It  PATH  r.f  SIGHT  (CEG  <EE S ) 

...  DETERS . . .93 . ..95.  ICC  1C5  12C  15i.  1- C 

305  1.528E-C1  8.028E-02  3.666E-C2  2.562E-C2  1.368E-C2  7.622J--C3  5.561,-f 

_ <U0_-_3*a&9.£-Cl _ U5SJ.t-.ej  7.797E-C2  .5,.1CU-C2  2.636E-02  1.666E-C2  UC93C-C/ 

916  5.629E-C I  2.583E-01  1.152E-C1  7.666E-02  3.8C6E-C2  2.C26C-C2  l.A7’(-C2 

. I219..„..8*.129F-ai _ 3.6235-D1 _ U5S2E.-CI . 9^9318-0.2  6.9EZE-C2  2.618E-C?  1.9261-C. 

1526  1.166E  00  6.736E-01  1.968E-C1  1.230E-C1  6.056E-C2  3.133C-C2  2.32PI-C2 


FLIGHT  NoV  96  FILTER  NC.  6 

. _ . CIRECTICNAL  PATH  REFLECTANCE  FRCM  GROUND. _TC  ALTITUDE 

ALTITUDE  ZFNITH  ANGLE  OF  PATH  OF  SIGHT  (CEC-PEES) 

PETERS  -.  93  95  ICC  1C5  I2C  15C  1C 

305  ~ 

_ -610 _ 

916 

_ 12X3 _ 

1526 


FLIGHT  NO.  96  FILTER  NO.  5 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 
ATTITUO'e  "  “  ZENITH  ANGLE"  OT‘PaTH'5?  SIGHT  (DEGPfE!>S 

£E.t#*S _ _?3  95  _  100  ,  _ 1C5  _  „  120 

‘  305  3.8306-0 1~  -  1.881E-01  8.533E-02  5.533E-02'  2.807E-02 

_ _ 610  9.O71E-01  3,958E-01  _  1.666E-0L 1.035E-01  5.035E-02 

91*  1.522E  00  5.923E-01  2. 3016-01  1.616E-01  6j696E-C2 


1219 _ B.613E-01  3.1C86-01  1.871E-01  8.637E-02 

152V  '  3.9106  00'  I.169E  CC  3.876E-C1  2.286E-01  1.029E-C1 


150 

1.666E-02 

2.573E-02 

3«365E*02 

6.277E-C2 

5.C09E-C2 


I8C 

12083E-«2 

1.9196-02 

2. M1E-C2 

3. '2T2E— C2 
3«'85CE— 02 
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AZIFUTH  CF  PATH  CF  SIGHT  *  27C 

"  ~  FL IC  H  T  NO .96  ' '  '  ~  ~  f  fL'ftTrTfCTT 

CJRtenOML  PATH  REFLECTANCE  FRCP  GROUND  TO  ALTITUDE 
ALTITUDE  ”  Z CKlf MANGLE  OF  PATH  CF  SlfifcT  (DECREES  1 


PETERS 

...  ...93 . 

95 

100 

IC! 

120 

150 

305 

3.660E-01 

1.786E-01 

7.E4SE-C2 

4.904E-C2 

2.233E-02 

I.l78£-»e2 

6IP 

-JUi52S=Sl. 
l.SSOE  CO 

..  4.Q5JE-01 

1.631E-CI 

9.905E-02 

4.372E-02 

2.267£f02 

914 

6.998E-01 

2.588E-01 

1.53CE-01 

6.558E-C2 

3.324E-C2 

1219 

3.827E  00 

1.199E  00  . 

..3.t?.77_E*01 

2.274E-0I 

9A417E-02 

4.652E-C2 

1524 

7.412E  00 

1.875E  CO 

5.570E-C1 

3.C86E-0I 

1.24CE-0I 

5.997E-02 

- 

FLIGHT  l-’C.  96 

FILTER 

VC.  2 

DIRECTIONAL  PATH  REFLECTANCE  FRJfP_GW.UN0-Ifi.-ALUTO.DE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (CEGREESI 

P6.Tfi.RS 

93 

95 

100 

105 

120 

150 

305 

2.461E-01 

1.233E-01 

5.554E-02 

3.817E-02 

1.646E-02 

9.C26E-03 

610 

5*5056-01 

2.542E-C1 

1.075E-01 

6.663E-02 

3.042E-G2 

1.636E-C2 

914 

9.266E-01 

3.9UE-01 

1.561E-0I 

9.489E-02 

4;227E-02 

2.221F-C2 

. 

_ UWfifi-M.. 

_ 5.t6A8.firftl _ 

..UlQ5i-0.1. 

... _.U254.E-0( . 

5.450E-C2 

2.796E-C2 

1524 

2.425E  00 

8.043E-01 

2.812E-C1 

1.639E-01 

6.954E-02 

3  #^84E*C2 

FLIGHT  NO.  96 

FILTER 

NO.  3 

DIRECTIONAL  PATH.  REFLECT  ANCE  PROP  _£RftUND_  TtlAL  TITUfiE _ 

ALTITUOE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

PETERS 

.93 

.95  _ 

_ jCft.___. 

.  .....JCJL, . 

2.38CE-C2 

...  -1.2C 

15G 

305 

1.515E-01 

7.871E-C2 

3.t85E-02 

1.154E-02 

6.470E-03 

.  610 

3.4C7E-01 

1.685E-C1 

7.554E-C2 

4.E03E-02 

2.274E-02 

1.239E-02 

914 

5.S66E-CI 

2.6CeF-Cl 

1.125E-C1 

7.C65E-C2 

3i2S2E-62 

I.752E-C2 

...  1219 

...USClfi-ftl. 

_ 3j721fi.-0.l_.. 

_ SAttfirftJ...  . 

4.345E-C2 

2.290E-02 

1524 

1.214c  CO 

4.921E-01 

I.946E-01 

1.1E6E-C1 

5.337E-C2 

2.776E-02 

FLIGhT  NC.  St  FIIUR  NC.  4 

DIRECT IOKAL  PATH  REFLECTANCE  FRCP  CRCLND  TC  ALTITUDE 
ALTITUDE  ZENITH  ANGLE  CF  RATE  CF  SIGhT  (CFGRF.E  SI 

PFTER.S  93  55  ICC  ICS  lit  I5C 

'305 

6  20 _ 

914 

1219 

1524 


FLIGHT  NC.  9t  FILTER  NC.  * 

DIRECTIONAL  PATH  REFLECTANCE  FRCP  GRCLNC  TC-  ALTITUCE 
ALTITUDE  ZENITH  ANGLE  OF  PATH  CF  SIGHT  (DEGREES! 


PETERS 

.93 

95 

IOC 

1C5 

12C 

15C 

305 

3.814E-C1 

1.848E-01 

8.1HE-C2 

5. CSCE-02 

2.348E-C2 

1.258E-C2 

610  . 

9.241E-QI 

3.971E-CI 

1.59TE-C1 

9.7336-C2 

4.338E-C2 

2.253E-C2 

914 

1.571E  CO 

6.CI4E-CI 

2.2'58r-Cl 

1.247E-C1 

5.868E-C2 

3.CCIE-C2 

1219 

2.633E  CO 

e,7b<!E-C.I 

3.C63-E-C1 

I.TE7E-CI 

7.617E-C2 

3.E75E-C2 

1524 

4.PE0F  OC 

1. 179F  CC 

3.E37E-C1 

2.192E-CI 

9.139E-C2 

4.578E-C2 

160 

UtfI9E-<C2 

1.948E-C2 

2.E33E-C? 

3.934E-C2 

5iC33E-«2 


18C 

7W8eC£j*C3 

1.-404E-C2 

U894E-C7 

2.371E-C2 

2i934f-£l 


,  I8.c 
SiMlWI 
1.C53F-07 
l.r4T3E«C2 
JU926E-02 
?.'328E-CZ 


16C 


1EC 

1.C83E-02 

1.919E-C2 

2.541F-C? 

3.272£-<2 

3.850E-CJ 


FLIGHT  97 

Moonlight.  The  flight  was  made  over  the  Gulf  of  Siam,  approximately  130  km  south  of  Rayong,  where 
water  depth  was  about  55  m  (30  fm).  The  atmosphere  was  essentially  clear  except  for  small  scattered 
clouds  at  about  a  450-meter  altitude.  Data-gathering  started  at  2132  local  time  and  ended  at  2400.  The 
moon  phase  angle  was  71°;  the  moon  zenith  angle  was  29°  when  sky  radiance  data-taking  started  8nd  54° 
when  data-taking  ended. 
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FLIGHT  NO. 97  F1L1L'!  NO.  1 

I RRAOI ANCE 1  WATTS/ SU.M.M ICPO  M. ) 


ALT  (  fUl’E 

oGV«N- 

UP- 

SCALAR 

XALAR 

scalar 

NCAI  AE 

(MLTERS) 

WELLING 

WELLING 

AL86DO 

DUWNWELLING 

LPWfLLING 

TOTAL 

ALBtlX 

176 

4. 2126-04 

2.395T-05 

.057 

3.923E-04 

6. 6226-05 

6.  *86.-04 

.112 

AS? 

3. 4421—04 

2.9946-05 

.01.7 

‘..248E-04 

H. 5631-05 

6.104‘ -C4 

.16  3 

773 

2.3321 -04 

3. 122F-05 

.134 

4.069t-04 

9.1E7I  -05 

4.9881  -04 

.226 

10  72 

2.5241-04 

3. 2416-05 

.128 

4.396E-04 

9.717i  -05 

6.36?.  -C4 

.221 

1387 

3.335F-04 

3.814E-05 

.114 

5.7966-04 

1.141.  -04 

6.9381-04 

.197 

1692 

2.630E-04 

3.907F-05 

.149 

5.065E-04 

1.2061-04 

6.27U-C4 

.  30 

FLIGHT  NO. 4?  FILTER  NO.  2 

IRRADIANCE1WATTS/SO.M. MICRO  M. ) 


AUlTUOfc 

CCwN- 

Uf>- 

SCALAR 

SCALAR 

CALAP 

jCAI  A 

(METERS) 

WELLING 

WELLING 

ALHtUO 

DCWNWELLINU 

UP WELLING 

TCTAL 

ALetr.c 

177 

J.340E-04 

2.199F-05 

•  066 

4. 9736-04 

6.0261-05 

5.575E-C4 

.121 

47  1 

3.446F-o4 

2.5892-05 

.075 

3.198C-04 

7.6341-05 

5.961F-C4 

•  14/ 

17) 

1  .'5T?  -o4 

2".96'1. -0‘5 

.193 

2.941E-04 

8.957F-C5 

3. 8376-04 

.  )05 

lu7l 

?  m(s  J8t:-04 

3. 1640-05 

.120 

4.5266-04 

9.6341-05 

5.4091-04 

.’13 

!  HI 

3.4626-04 

3. 3342-05 

.C5t- 

4. 940E-04 

1.C15E-04 

6.955E-04 

.171 

1643 

.415.-. 4 

3.650 :-05 

.131 

4.691t-04 

1. 143E-04 

5.  833c-04 

..  44 

— 

FLIGHT  NG.07 

FILTrP  NO.  3 

— 

IRPACIANCE(WATTS/SC 

.H. MICRO  W. ) 

ALTlfLOE 

DOWN- 

up- 

scalar 

SCALAR 

SCALAR 

SCtlAP 

{NET  RS) 

WELLING 

WELLING 

ALB  6 00 

CCWNWELLING 

LPWELLING 

TOTAL 

ALBECr 

143 

4.136E-04 

2.0256-1,5 

.049 

5.765E-04 

5»580t-05 

6.323C-04 

.09/ 

4f>-» 

3. 034c -04 

2.341E-05 

.077 

-  ~4~.'53 2fc'-dft  6T557f-05 

‘ 5.188F-C4' 

.145 

779 

1.72ri<— 04 

2. 450E-05 

.142 

2.971E-04 

7.563E-C5 

3.727E-04 

.255 

1072 

2. 167f-— 04 

2.554E-05 

.lio 

3.897E-C4 

P.460E-05 

4.743E-04 

.217 

l  38  l 

3.847F-j4 

3.C27E-C5 

.0  74 

6.4321-04 

5.558E-05 

7.3876-04 

.149 

1  J  i4 

2. 113  —  '14 

1.7620- j5 

.17“ 

4. 1246-C4 

1.219L-04 

5.343E-04 

.296 

FLIGHT  NO.. 7  FILTER  NO.  5 

IR9A01 ANCH  W  ATTS/Si.M.MICPO  M.) 


ALT  I 1U0E 

U6WN- 

UP- 

SCALAR 

scalar 

SCALAR 

SCALAR 

(METERS) 

WELLING 

WCLLIN.: 

ALM  00 

DCWNW1.LLING 

LPWrLLING 

TCTAL 

ALPECC 

135 

2.626.-04 

2.1  811 — C9 

*C’3 

4 • 20C1-C4 

J.9S2F-G5 

4. 799E-C4 

.142 

478 

3.633F-G4 

2.5586—05 

.069 

5.7595-04 

7.B71  -05 

6. 546E-C4 

.107 

7  79 

?=297b“34 

2.879F-05 

.125 

4.C60.  -C4 

e.935..-05 

4.954F-C4 

.220 

107  3 

2.4355— J4 

3.0  361-05 

.125 

4.39H-C4 

9. 5 14'  -05 

5.344.  -04 

.217 

1300 

2.786- -04 

3. 6501-05 

.131 

:.301c-C4 

i.  1 5.7  -04 

6.456..-C4 

.216 

169o 

2.864t-.)4 

3.873E-05 

.135 

4945 -04 

1.226.  -04 

6.722  -1.4 

.224 

FLIGHT  NO.  97 

AZIMUTH  OF  PATH  CF  SIGHT  *  0 


UIRECTIGNAL  REFLECTANCE  OF 

BACKGROUND 

ZlNITH 

ANGLE 

1 

FILTERS 

■'» 

t 

5 

1 

93 

.30997 

.37661 

.36996 

.23943 

_ 95 

.23970 

.29368 

.28890 

.17741 

too~ 

.  18082 

.21111 

. 1 9C2C 

.13459 

1C5 

. 1909U 

.16399 

.19670 

•11033 

t  20 

.08337 

.08953 

.07199 

•C7261 

150 

.15200 

.19611 

.06097 

.16858 

100 

.03859 

.C9325 

.05597 

•C2946 

FLIGHT  NO.  97 

AZIMUTH  CF  PATH  CF  SIGHT  »  9C 
DIRECTIONAL  REFLECTANCE  CF 


ARIiLE 

~~i - 

93 

. 16190 

.1919C 

‘  95T" 

.19258 

.15891 

100 

.10967 

.13312 

105 - 

.08333 

.09267 

120 

.09265 

.09393 

1 50 

.03229“ 

.03600 

180 

.03859 

.09325 

. 

FLIGHT  NO.  97 

Azimuth  of 

PATH  OF 

SIGHt  »  1EC 

_  DIRECTIONAL  REFLECTANCE  CF 

ZENITH 

FILTERS 

ANGLE 

i 

2 

93 

.15319 

. 157C7 

9  5 

.11591 

.13979 

100 

.08878 

.10799 

105 

.07165 

.08053 

120 

.09212 

.09129 

150 

.02399 

.02377 

loO  .03859  ‘  .09325 


FLIGHT  NO.  97 

A ZI.HUTH  CF  PATh  CF  SIGHT  =  27C 

DIRECTIONAL  REFLECTANCE  CF 


ZE.MTH 

FILTERS 

ANCLE 

l" 

7 

93 

.16589 

.18726 

95  ' 

.12893 

.19195 

100 

.09211 

. 10836 

105 

•0731C 

.08650 

.  .  S.20.  . 

_  .09152 

.09121 

150 

.02988 

.02691 

I  NO 

.03855 

.09325 

BACKGROLNC 

5 

.19985 
.17987 
. 12C83 
.09519 
. C5C32 
.C3C1S  ~ 
.05597 


BACKGROUND 

5 

. 166C7 
.19273 
•  1 1CS0 
•0E8C2 
. 05C70 
.C3060 
.05597 


BACKGROUND 


•351EO 

.31738 

.22550 

.16795 

.06797 

.12581 

.05597 


3  '  9 

.16920 

.12695 

.07929 

.C587C 

.02517 

.02275  - 

.02998 


3  9 

.13957 

.09881 

.06257 

.05323 

.02278 

.02232 

.02998 


3  9 

. 1C9C7 

.07713 

.06019 

.09289 

.02256. 

.02235 

•C299e 


r*. 
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DATE  32769  FLIGHT  NC. 

97  GROUND 

LEVEL  ALTITUDE  (  M.)» 

42  IUP* 

ALTITUDE 

TOTAL 

SCATTERING  COEFFICIENT  (PER' METER) 

— 

(METERS) 

FILTERS  l 

3  4 

b 

0 

5.0016-05 

4.4766-03 

?•  535E-05 

4.7081-05 

30 

4.984E-05 

4.461t-05 

2.5276-05 

4.6936-05 

61 

4.968t-05 

4.4461-05 

2.5186-05 

4.6771-05 

91 

4.95U-05 

4.4316-05 

'.510t-05 

4.6626-05 

122 

4.9)56-05 

4.4161-05 

2.5016-05 

4.6466-05 

162 

4.9186-05 

4.402i  -05 

2. 4936-05 

4.6316-05 

133 

4.900t-05 

4.4321  -G5 

’.486F-C5 

4.6156-05 

213 

4.979t-05 

4.493'  -05 

/. 4826-05 

4. 5671-05 

244 

5.1 1 7- -05 

4 .649f-C6 

7  •  5281 — 0  5 

4.5886-05 

2/4 

5.2086-05 

..7471  — C  3 

2.5646-05 

4.6431-05 

JO* 

3. 299!  -05 

4.86Cf-C5 

2, 5566-05 

4.687.  -05 

3  <6 

5. 285E-05 

4.928t-05 

2.6106-05 

4.7286-05 

i66 

5.349T-05 

6.0411-05 

2.6006-05 

4.7816-05 

396 

5.503E-05 

5.2261.-05 

2.6316-05 

4.8146-05 

427 

5.60  IE-05 

‘..702F-C5 

7. 5696-05 

4.8271-05 

457 

5. 6172-05 

6.879.-C5 

2.  7C4i  -  .6 

4.7646-05 

4  till 

‘  6.‘j20T-05 

7.346 6-06 

2.6416-06 

4.9031-05 

918 

7.986E-05 

5.969E-05 

2.5936-05 

4.8076-05 

549 

5.706F-05 

5.067r-0S 

2.6CIE-05 

4.8886-05 

■j/  9 

5.912E-05 

5 • 355F-05 

7. 6031-05 

4.9736-05 

/.VO 

6.2436-05 

5.3076-05 

2.7246-05 

4.925E-05 

o40 

6.204F-05 

4.597F-05 

2 . 793F-C5 

4.9776-05 

67l 

- 6V245F-05 

5.3726-05 

2.850E-C5 

5. 1 I4F-05 

/ai 

6.613F-05 

6. 249E-05 

2.9101-05 

4. 7746-C5 

"  73V  ‘ 

6.7586-05 

6.8126-05 

3.344C-05 

4.3526-05 

7  62 

6.439F-05 

5.641E-05 

i.  7126-05 

4.223F-05 

- 792 

6. 5126-05 

5.8676-0? 

1.7466-05  ' 

4.0726-05 

t>2  3 

6.239E-05 

6.6466-05 

3*  764E-05 

3. 854E-05 

•5  3 

5. ol 16-05 

6.0246-05 

J. 7356-05 

3. 8186-05 

834 

3.8296-05 

4.761E-05 

3.561E-05 

3.914E-05 

914 

6.159E-05 

4.667E-C5 

3.2C3E-05 

3.962E-05 

445 

6. 1066-05 

4 .9966-05 

3.1706-05 

4.005E-05 

975 

5.6U9F-05 

3.7456-05 

3.1716-05 

3.989E-05 

1006 

4. 9876-05 

6.595E-05 

3.1516-05 

3.645C-05 

1036 

4.720E-C5 

3.074--C5 

3.2356-05 

3.734E-05 

1)67 

4.705E-C5 

4.822t-05 

3.2836-05 

4.0706-05 

1097 

4.730F-05 

4. 125E-05 

3.307E-05 

4.1206-05 

1128 

4.724E-05 

3.822F-05 

3  2116-05 

4. 0376-05 

1158 

4.7426-05 

3.654E-C5 

1.0686-05 

4.0906-05 

1139 

4.772E-G5 

4.4056-C5 

2.9846-05 

4.053E-05 

1219 

4.7456-05 

6.316:-0E 

2.9636-05 

4.012E-05 

1250 

4.7606-05 

5.8631-05 

3.0536-05 

4.C08C-05 

1230 

4.676E-G5 

P.891L-C5 

3.077E-05 

4.060E-05 

1311 

4.8646-05 

6.21GE-CS 

3.C516-05 

4.027t-05 

1341 

4.892^-05 

o.466c-C5 

3, 1946-05 

4.047C-05 

13/2 

4.907F-05 

6 ,4128-05 

3.2726-05 

4.264E-C5 

1402 

4.617E-05 

6.367F-C5 

3.1556-05 

3.6356-05 

1433 

4.462E-C5 

6.032— (.5 

2.842'.  -05 

3.6546-05 

1463 

4. 3860-05 

3.779  -05 

2.673..-05 

3.736.-- 05 

14  94 

4.332E-05 

..526  —  05 

2.971L-05 

3.9C4E-05 

15  24 

4. 649E-05 

6.3265-05 

3.  lllt-05 

4.2436-05 

1  >>4 

4.638C-05 

3.6996-05 

1.  1636-05 

4.0656-05 

4.1526-05 

1585 

5. 130E-05 

3.8356-05 

3.0966-05 

1615 

5.479E-05 

9.6476-05 

3.037c-05 

4.126fc-05 

1646 

5.0076-05 

j.888f-C9 

i.oior-05 

4.3686-05 

1676 

5.179L-C5 

.7336-03 

i.CilL-05 

3.9991-05 

1/f  / 

4.6C8c-05 

6.5271 — C3 

1.078!  -05 

1.76CI-05 

1/37 

4. 5936-05 

6.508F-03 

3.0686-05 

3.6176-05 

1768 

4. 5786-05 

5.4906-05 

3. 0586-05 

3.605F-05 

1798 

4.563E-03 

6.4721-05 

1.C48t-05 

3.5931  -05 

13  >9 

4.5476-05 

6.453'  -05 

1.C37E-05 

3.581 f-05 

FIlST  DATA 

ALT.  6 

h 

6 

r 

LAST  DATA' 

ALT.  57 

57 

9  7  56 

a 

0-130 


I 


rifu.iE 

FLIGHT  NO.  9? 

REAM  TRANSMITTANCE  FROM  GRDLNO 
ZENITH  ANCLl  CF 

» t  It  RS 

>S 

95 

)  )5 

.  7449758 

.8392547 

610 

.5232137 

.662189) 

114 

.3577515 

.5479624 

1719 

.2606885 

.459*  77C 

15. >4 

.1931697 

.39C1337 

1 10!  E 

FLIGHT  NO.  97 

BEAM  TRANSMITTANCE  FROM  GROUND 
ZEMIH  ANGLE  CF 

81 JERS 

95 

1  >5 

.7670312 

.8339521 

5  10 

.5474141 

•  7)105976 

14 

.3942468 

.5801228 

1219 

.2934724 

.4918003 

1  .  '4 

.2016120 

.3988995 

FlLit?  NC.  1 
TO  ALTITUrr 

PATH  fiF  SIGHT  toicst-f 'I 
IOC  105 


6253444 


.9426461 

.8791611 

.8166311 

.7694384 

.7263558 


FlLftH  NC.  2 


100 


SIGHT  IDFGREES) 
105 

.9482233 
. 887C794 
.8324665 
. •'874296 
.7338262 


12t 

.9699153 
.9355085 
.9004534 
.8731 307 
.0486797 


12C 

.9728549 

.9398605 

.9094499 

.8836398 

.8519732 


1-jO 

.9825186 

.3622422 

.9412569 

.9246600 

.9096205 


150 

.9842367 

.9648241 

.9466750 

.9310693 

.9116568 


l  (.0 

.9648426 

.9672169 

.9489222 

.9344146 

.9212381 


l  <iO 

.9863341 

.9694640 

.9536509 

•940C211 

.9230239 


AIT!  Tt^E 

FLIGHT  NC.  97  FILTER  NC.  3 

1  e  am  TRANSMITTANCE  FROM  GROLND  to  altitude  ---  -- 

93 

ZENITH  ANGLE 
95 

OF  PATH  UF 
IOC 

SIGHT  IDEGREESI 
105 

120 

*05 

.8626079 

.9157900 

.9568084 

.9708117 

.9847831 

'3  10 

.7375887 

.8356352 

.9130174 

.9413250 

.9691849 

*  1 4 

.6028779 

.74  35680 

.8618160 

.9050405 

.9496634 

I2W 

.4957189 

.6055816 

.8151978 

”  *.*87*1*8945 

.9314981 

i  j/4 

.4092553 

.5986143 

.7729438 

.8413092 

.9144376 

150  180 

.9911861  .9923624 

.9820913  .9844719 

.9706214  .9745068 

.9598585  ,9651415 

.9496692  .9562624 


FLIGHT  NC.  97  FILTER  NO.  5 

BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALT1TUDF 


ALTITUDE 

f»i:Tr;ao 

93 

ZENITH  ANCLE 

95 

OF  PATH  OF 
IOC 

SIGHT  1DEGRE1  1) 
IG5 

120 

150 

It  0 

.9659512 

>^5 

.7612832 

.9301560 

.921753? 

.0468918 

.9720997 

.9837955 

•A  10 

•  5703861 

.7130446 

.846839) 

.894«.5V8 

•943899C 

,9672155 

*9715447 

•  1 4 

.4370020 

.6166241 

.7845294 

•  8497490 

.c  E91749 

,9525064 

•9587361 

1219 

•3* 36413 

.5366329 

.7316820 

.8109059 

.6971801 

.9392799 

.9471959 

1  >'4 

•  2642552 

•46713C9 

.6824769 

.773501 1 

.8757484 

.9262596 

.9358143 

t 
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_ JWIKUfH 

CF  PATH  CF 

SIoHT  =  0 

FLIGHT  NO.  97 

FILTER 

NC.  1 

PATH  RADIANCE 

FROM  GROUND  TO 

ALTI TUCE iNATTS/STER.SC.M 

MICRC  M.) 

ALTI IUOE 

ZFMTH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

Me  r£RS 

93 

95 

100 

1 C  5 

1ZC 

150 

1  80 

305 

1.425E-0S 

8.1  386-06 

3. 958E-06 

2 . S12p-06 

1.1386-06 

6.209F-C7 

6.2826-07 

10 

2.6371- -05 

1 . 635E-05 

8.328E-C6 

5.3656-  06 

2.4351-06 

1.2886-06 

1.2646-06 

.14 

3.43dE-05 

2.2996-05 

1.228E-C5 

8.C40:  -06 

3.6716-06 

1.81l9l-06 

1.79  7.-06 

1219 

4. 0386-05 

2.8256-05 

1.557E-05 

l.C30e-05 

4. 722E-C6 

2.3896-06 

2.2376-06 

1524 

4. 8626-05 

3.477E-05 

1.9466-05 

1 . 292F-C5 

5.R97E-06 

2.927T-06 

2.7136-06 

— 

FLIGHT  NO.  97 

FILTER 

NO.  2 

PATH  RADIANCE 

FROM  GROUND  TC 

ALTITUCEINATTS/STER.SC.M 

MICRC  M.) 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

Mruxs 

9  3 

95 

100 

105 

120 

151 

1  0 

305 

1.190E-05 

6.761E-06 

3. 261E-06 

2.C60S-Q6 

9.1486-07 

4.805! -07 

4.6736-07 

610 

2.351E-05 

1.44  5F-0D 

7. 2836-06 

4.6656-06 

2.0846-06 

1.072:  -06 

1.029'  -06 

914 

2,9i36-05 

1.932E-05 

1 .0236-05 

'  6.678F-06 

3.024E-C6 

1.521 :-C6 

1.411  -C6 

1219 

3.6346-05 

2.4916-05 

1 . 350E-05 

8.873E-06 

4. 0136-06 

1 .9776-06 

1.8096-Cr 

. 1324  " 

4.T73TL05 

3.373F-05 

1.8*36-05 

1.228E-C5 

5.519E-06 

2. 6686-06 

2.435s -06 

- Frromwr.  97  fil7fr  nc.  3 

PATH  RADIANCE  FRCP  GROUND  TC  ALT (TUDE INATTS/STER. SC. M  MICRO  M. ) 
'ALTITUDE  . .  Zl'MTH  ANCLE  OF  PATH  CF'STGHT  {OfGRFES! 


METERS 

93 

95 

IOC 

105 

120 

ISO 

ISC 

. 305 

4. 186E-C6"" 

l^gE-'-'i" 

1 . 196F-06 

5. 074F-07 

2.611E-07 

2.630E-07 

610 

1.346E-05 

7.764C-06 

3.710F-06 

2.317‘-06 

9.965E-07 

5.014F-07 

4.850--07 

914 

1.888E-05 

t. 148E-C5 

5. 6E0E-C6 

3V5'95C-06 

l75SYt-C6 

TVS??  6 -67 

'6.9421-07 

1219 

2.569F-05 

1.61  IE-0  5 

9.C35E-06 

5.1 30E-O6 

2.198E-C6 

1.024F-C6 

9.156f-07 

‘  1574 

3. 526E-05 

2.253F-05 

1.136F-05 

7. 166T-06 

3.014E-06 

1.359F-06 

1.2016-06 

' 

FLIGHT  NO.  97 

FILTFP 

NC.  5 

PATH  RADIANCE 

FROM  GROUND  TC 

ALTITUDE! NATTS/STER. SC. M 

MICRO  M.) 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

MtTFRS 

93 

9!> 

ICC 

105 

12C 

150 

IPO 

305 

1.169E-05 

6.626E-06 

3. 173F-06 

1.988E-06 

8. 5546-07 

4.257E-07 

4.013^-07 

olO 

2. 3908-05 

1.437E-05 

7.C99F-16 

4.488F-06 

1.9386-06 

9.501F-C7 

8.8786-07 

9  14 

3. 1 17F-05 

I.987F-05 

1.019E-05 

6 • 5296-06 

2.845E-C6 

1.366! -06 

1.2446-06 

1219 

3.755E-05 

2.495E-05 

1.314F-C5 

8.493F-06 

3*  7196-C6 

1. 755L-06 

1.570:  -06 

1574 

4.6166-05 

3.155E-05 

1.6E4E-05 

1.0936-05 

4. 756E-C6 

2.193s -06 

U936.--06 
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AZIPUIH 

OF  PATH  OF  SIGHT  *  9 C 

FLIGHT  NC‘.  97 

FILTfi! 

VO.  1 

PATH  <ADIANCE  FRCP  GROUND  TL 

AITITUCEIMAITS/STL'K.'C.P 

NICRC  P.) 

AL  T  I  TUI  E 

Z'NITH  ANGLE 

OF  PATH  OF 

SIGHT  IOEG»EES> 

¥\  Tl  HS 

9.1  9*j 

100 

1C5 

12C 

150 

1  60 

*  >5 

1.075S--0N  6.2736-06 

3.1 90L-06 

2. 12AE-06 

1.0726-06 

6.624F-07 

6.2826-07 

ulO 

1.904F-05  i.209t-05 

6.4746-C6 

4. 386r.-06 

2.2426-06 

1.365F-06 

1.2646-06 

2.J62!— 05  1.636F-C5 

9. 2476-06 

6. 3776-06 

3.3026-06 

1.972F-06 

1.7971-06 

i.M9 

2.7CO<--05  1.941*’—  C5 

1 • 142E-05 

7. 9791-06 

4. 1786-C6 

2.4776-06 

2.237.-06 

1.061 6-05  2.261! -95 

1.3736-05 

9.6656-06 

5.119E-C6 

3.019E-C6 

2.7136-C6 

FLICHI  ‘.C.  97 

FIL !£R 

NC.  2 

PATH  AMANCE 

FRCP  GROUND  Tl 

ALIITUCEIHATTS/STEP.SC.P 

MICRO  P.) 

ALII (UOE 

ZrMTH  ANGLE 

OF  PATH  l.f 

SIGHT  (DEGREES) 

PrURS 

13, 

9  5 

ICC 

1C5 

12C 

15C 

IPO 

ii'5 

8. 544r-C6 

4.987E-C6 

2.516t-'& 

1.673E-06 

8.414E-07 

5.0926-07 

4.673E-07 

MO 

1.6386-05 

1.0296-05 

5.476E-C6 

3.6976-06 

1.881E-C6 

1.13U-06 

1.C29E-06 

114 

2. ”176-05 

1. 3626-C5 

7.C02E-06 

S.214E-06 

2.6  778-06 

1.575E-06 

1.4116-06 

i2I9 

2.303E-05 

1.682c— 05 

9.691r-C6 

6.7216-06 

3.462L-C6 

2.0311-06 

1.8096-06 

1  9/4 

2.9056-05 

2.13CF-05 

1.273E-C5 

6 .938F-06 

4.692E-C6 

2.735F-06 

2.435E-06 

FLIGHT  NO.  97 

FILtfR 

NC.  3 

PATH  RADIANCE 

FROP  CROUNC  TC 

ALTITUCEIMATTS/STER.SC.P 

PICRC  P.) 

ALII  IU1  E 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

Pt-URS 

93 

95 

100 

105 

120 

150 

lf.C 

105 

4.9446-06 

2.79CE-06 

1.3656-06 

9.1 19E-C7 

4.5136-07 

2.7716-07 

2.630E-07 

MO 

8.6976-06 

5.1376-06 

2.6156-06 

1. 7356-06 

8.624F-07 

5.217F-07 

4. 8501-07 

114 

'  TYi  6  t'e-o  5~ 

7.403E-C6 

3. 893E-06 

2.6096-06 

1.301E— 06 

7.648F-07 

6.942c-07 

1215 

1.6Cef-05 

9.771F-06 

5.262E-C6 

3.555F-06 

1.778E-C6 

1.0230-06 

9.1566-07 

13"4 

1.8986-05 

1.21.7E-05 

6.9376-06 

4.7166-06 

Z.371F-C6 

1.350,:-06 

1.20U-06 

FLIGHT  \C.  97  FILTER  NC.  5 

PATH  RADIANCE  FRCP  GROUND  TC  ALT  I  TUCE  ( HATTS/STER.  SC.  P  MICRC  P.) 


llu.t 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  IOFGREE SI 

H  .  T  j RS 

9  3 

95 

IOC 

IC5 

120 

150 

1  C 

7.9051- -06 

4.5HU-C6 

2.3156-06 

1. 5281-06 

7.5C6E-C7 

4.362F-C7 

4.013’--07 

•>10 

1.5556-05 

9.6106-06 

5.C436-C6 

3.3736-C6 

1.6816-06 

9.7636-07 

8.8  78c-C7 

H4 

1.9898-05 

1.3036-C5 

7.093E-r6 

4.8046-06 

2.414E-06 

1.385F-C6 

1.244F-C6 

w\i 

2.3206-05 

1.5891-6  5 

8.921E-06 

6.1061-06 

3.C96E-06 

1.764. -06 

1.570E-C. 

1  ■?  *4 

2.o8ot-05 

1. 9066-05 

I.C57E-C5 

7.p83r-06 

3.873E-C6 

-.189!-C6 

1.936.  -C6 
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\ 


azihuth  of  pith  cf 

SIGHT  =  ll'C 

FLIGHT  NO.  97 

F!LTCU 

NC.  1 

PATH  s-Ai.  1ANCE 

FRON  GROUNC  TC 

ALTI7UCEIWATTS/STER.SC.R 

HICRC  H.) 

AIT! IU0E 

ZENITH  ANGLE 

OF  PATH  UF 

SIGHT  (DEGREES) 

H.TFRS 

93 

95 

IOC 

1C5 

120 

1 5*' 

180 

*U>5 

1.05&E-05 

6. 264E-06 

3. 318fc-C6 

2.289E-06 

1.278E-C6 

3*726! -07 

6.282F-07 

olO 

1.8906-05 

1. 216E-05 

6. 7*>6£~C6 

4.734F-06 

2.662E-06 

1.7T2F-  06 

1-2646-C6 

914 

2.392E-05 

1.662E-05 

9.7C*?t-C6 

6.9106-06 

3.926F-06 

2.515F-C6 

1.7“f>:~C6 

1  '19 

2.7471-05 

2.003F-C5 

1.211 fc“C  5 

8.722P-C6 

5.01 1E-C6 

! . 1 34  r  — C6 

2.237F-06 

1  524 

3.166F-05 

2.382E-05 

1.477L-C5 

1.0761-05 

6.275E-06 

3.825F-06 

2.713E-06 

— 

FLIGHT  NO.  97 

F1LT'  R 

NX.  2 

PATH  RADIANCE 

FKCH  GROUNC  Tl 

ALTITLCEIWATTS/STER.iC.P 

HICRC  H. ) 

Al  THOUc 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGKFES) 

hekrs 

9  3 

95 

ICC 

If  5 

12C 

150' 

1C 

!l  5 

8.575E-06 

5.0426-06 

2 .6626-06 

1 . 824::  — 06 

1.004E-06 

6.568F-C7 

4.673  -07 

610 

1.647E-05 

1.048E-05 

5. 771E-C6 

4 ,C3CF-Ct 

2. 2476-06 

1.468F-C6 

U029t  -Cfc 

914 

5nOi2E-o5 

1.T75E-05 

7.924E-06 

5.6C41— 06 

3.137E-06 

1.983E-C6 

1.41 IF-Cfc 

1219 

2.40o6-05 

1.717E-C5 

1 • C20F-T5 

7.298! -06 

4.141E-06 

2.552F-06 

1.809.  -C  . 

"  1534 

3. 026  £-05 

2. 2506-05 

1 . 3bll -C5 

1.003F-C5 

5.829E-06 

3.476F-C6 

2.435T-06 

— 

FLIGHT  *0.  9T 

FILTER 

NO.  3 

PATH  RAOIANCE 

FROM  GROUND  TC 

ALTITUCEIWATTS/STEP.SC.P 

HICRO  H.l 

ALTltuCE 

ZENI1H  ANCLE 

OF  PATH  OF 

SIGHT  (DEGREES! 

HfcTERS 

93 

95 

IOC 

1C5 

120 

150 

lfC 

305 

4.880E-G6 

2.800E-04 ' 

1.459T-C& 

1.009E-C6 

5.7406-07 

4.112E-07 

2.630E-07 

610 

8.583E-06 

5. 142E-06 

2.723E-C6 

1  •  89CF-C-6 

1 . 064E-C6 

7 .4286-07 

4.8506-07 

914 

1.164E-05 

7.359E-06 

4.0Y5T-0V 

~2".  756E-06 

1.567E-06 

1.043E-C6 

6*9426-07 

1219 

1.494E-05 

9. 82  5E-06 

6.490E-06 

3.854F-06 

2.1 85F-06 

1.369F— 06 

9.1566-C7 

1524 

1.913E-05 

1.297E-05 

7.396E-06 

5.2456-06 

3.044F-06 

1.818F-G6 

1.201E-C6 

FLIGHT  NO.  97 

FILTER 

NC.  5 

ALTITUDE 

PATH  RADIANCE 

FROH  GROUNC  TC 
'  ZENITH  ANCLE 

ALT1TUCEINATTS/STER.SC.H 
OF  PATH  OF  SIGHT  (DEGREES) 

HICRC  H. I 

PETERS 

93 

95 

IOC 

105 

12C 

i5C 

1  SC 

335 

7.940E-06 

4.6o7E— C6 

2.451E-06 

1.6786-06 

9.1 4CF-07 

4.6891.-07 

4. 0136-07 

olO 

1.570E-05 

9. 854E-06 

5.3816-06 

3.7396-06 

2.08U-G6 

1 *2906-06 

8. 8766-01 

914 

2.001E-05 

1.330E-05 

7.5186-06 

5.2796-06 

2.9556-C6 

1.792E-C6 

1.2446-06 

1219 

2.349E-05 

1.632E-05 

9.496E-C6 

6.737E-06 

3.8C9E-06 

2.248E-06 

1.5706-06 

1524 

2.761E-05 

1.985E-C5 

1.1846-G5 

8.4996-06 

4.8666-06 

2.7762-06 

1.9362-06 
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AZIMUTH  G6  PATH  OF  SIGHT  =  270 

FLIGHT  NO.  97  FILT'R  VG.  1 

PATH  RADIANCE  FRCM  (ROUND  TC  ALTI TUOE IWA TTS/STFP. SC. P  PICRO  P.I 


ALTITUDE 

ZLNITH  ANGLE 

OF  PATH  OF 

SIGHT  ICEGREES) 

PcTtRS 

9} 

93 

100 

105 

120 

150 

180 

305 

1.096T-05 

6.116E-06 

3.1306-06 

2.092E-06 

1.0671-06 

6.7256-07 

6.2B2F-07 

o  10 

1 .  o70E-05 

1.1876-05 

6.3651-06 

A . 313C-06 

2.212E-06 

1 . 3691  —06 

1.269E-06 

7lV 

2.355F-05 

1.615F-05 

9.U3E-06 

6.276E-06 

3.297E-C  6 

1.963F— C6 

1.797F-06 

1219 

2.669E-95 

l. 9215-05 

1.1296-05 

7.8996-06 

9.109E-06 

2.963E-06 

2. 2376-06 

1529 

2.9951.-05 

2.235E-C5 

1. 3956-C5 

9.489E-C6 

5.023E-06 

3.007—06 

2.713E-Q6 

FLIGHT  NC.  97 

F IL I £R 

NC.  2 

PATH  RADIANCE 

FRCP  GROUND  TC 

ALTITULEIWATTS/STER.Si.N 

MICRO  P. ) 

ALTI IUCE 

ZFMIH  ANGLE 

OF  PATh  CF 

SIGHT  (OEGREES) 

PUT1  ,<s 

93 

95 

100 

105 

120 

15C 

180 

15 

8.463C-06 

9. 9086-06 

2.991E-06 

1 .653E-06 

8.289E-07 

5.0916-07 

9.6736-07 

!u 

1.O236-05 

1.019F-C5 

5.9116—06 

3.6956-06 

1.895E-06 

1. 119t— 06 

1.0296-06 

019 

1.9991-05 

1.3986-05 

7.5C0E-06 

5.1276-06 

'2V619E-C6 

I.T96P-06 

1.9116-06 

1219 

2. 3996-05 

1.6556-05 

9. 51 1E-C6 

6.582E-06 

3. 393E-C6 

1.9976-06 

1.8091-06 

1  i.-9 

2.8226-05 

2.089F-C5 

1.291E-C5 

8. 7256—06 

9. 5886-06 

2.7196-06 

2.9356-06 

ALTITUDE 

FLIGHT  NO.  97 

PATH  RADIANCE  FROP  GROUND  TC 
ZENITH  ANGLE 

FIL1ER  NC.  3 

ALTITUCFIWATTS/STEP.SC.P 
OF  PATH  OF  SIGHT  (DEGREESI 

H1CRC  N.) 

P^TERi 

93 

96 

IOC 

105 

12C 

150 

180 

;ot> 

9.863E-06 

2.7956-06 

1. 3656-06 

8. 9816-07 

9.9606-07 

2.7996-07 

2.6306-07 

.  1C 

8.615E-06 

3.0C26-06 

7.58CE-C6 

1.70SE-O6 

3.9296-07 

5. 162E-07 

9.850r-07 

919 

1.165E-05 

7.25  7E-06 

3.799E-C6 

2.5396-06 

1.252E-C6 

T.9526— 07 

6.9976-07 

1219 

1.9306-05 

9.5886-06 

5. 137E-06 

3. 9526-06 

1. 7096-06 

9.961E-C7 

9. 156E-07 

1529 

I. 8306-05 

1.2296-05 

6. 6876-06 

9.5356-06 

2.271E-C6 

1.3216-06 

1.2016-06 

FLIGHT  NC.  97  FILTER  NO.  5 

PATH  RADIANCE  FROM  GROUND  TC  ALTI TUCEI NATTS/STER. SC.  P  PICRC  P.  > 
ALTITUi'6  ZENITH  ANGLE  OF  PATH  OF  S IGHT  (DEGPEES) 


P>  Ti-RS 

9  3 

95 

ICO 

1C5 

12C 

150 

ISC 

05 

9.2316-06 

9. 779E-06 

2.9266-Ofc 

1.6C7E-06 

7.965E-07 

9.605F-07 

9.0132-07 

40 

1. 5756-05 

9. 759F-C6 

5. 1316-06 

3. 9386-06 

1.719E-C6 

1.000F-06 

8.8786—07 

114 

1.9876-05 

1.3096-05 

7.1 19E-0fc 

9. 6231 -06 

2.9296-06 

1. 9026-06 

1. 299E-C6 

1219 

2.302T-05 

1. 5816-05 

8.8866-06 

6.0896-06 

3.092F-C6 

1.7756-06 

1.5706-06 

1529 

2.6256-05 

1.8720-05 

1.0816-05 

7.9896-06 

3.8916-06 

2.200E-C6 

1.936E-06 

& Z 1 MUT H  OF  PATH  Of  SIoHT  =  ) 

FLIGHT  NO.  97  F I L TER  NO.  1 . 

CIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUDE 


ZcNITH  ANGLE  OF  PATH  OF  SIGHT  (DEGRFES) 


HtTfcRS 

93 

95 

100 

IC5 

120 

15 

180 

305 

1. 427E-01 

7.233E-02 

3. 223F-02 

1.588b— 02 

8. 749E-03 

4.714F-C3 

4.7586-03 

olO 

3.760E-01 

1.78BE-01 

7.536E-0 2 

4.552E-02 

1 .9426-02 

9.982E-03 

9. 748C-03 

'<14 

7.168E-01 

3.129E-CI 

1.239E-01 

7 • 3446-02 

3.041E-02 

1.497F-02 

1.4126-02 

1219 

1.155E  00 

4.588E-01 

1.7166-01 

9.9876-02 

4.034E-C2 

1.927E-C2 

1.786t-02 

1524 

1.877E  00 

6.646F-01 

2.328E-CI 

1.323E-01 

5.182E-02 

2.400E-02 

2.1966-0? 

FLIGHT  NO.  97 

FILTER  NO 

.  2 

CIRECTIGNAL  PATH  REFLECTANCE 

FROP  GROUND 

TO  ALTITUDE 

ALT1TUUE 

ZENITH  ANGLE 

OF  PATH  CF  SIGHT  (DEGREFS) 

PETERS 

93 

95 

IOC 

ICS 

120 

150 

1-C 

*05 

1.459F-01 

7.447E-02 

3 . 320E-02 

2 .0446-02 

6.846E-03 

4.592E-03 

4.4566-03 

OlO 

4.0J9F-01 

1.940E-01 

8. 190E-C2 

4.9476-02 

2.086E-02 

1.045F-02 

9.9826-03 

H4 

6.9T4E-01 

3.13JE-01 

I.265E-01 

7.546F-02 

^3.T?8T-S2 — 

1.511F-02 

1.3926-0? 

1219 

1.165E  00 

4.765E-01 

1.814E-C1 

1.060E-01 

4.272E-02 

1 .9976-02 

1.810t-0? 

- 152  V 

'2.22 8E"  OC" 

"  7.555E-0V 

2.780E-01 

1.574E-01 

6.093E-02 

2.753E-02 

2.481E-0? 

FLIGHT  NO.  97 

FILTER  NC 

.  3 

CIRECTIONAL  PATH  REFLECTANCE 

FRCP  GROUND 

TO  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREFS) 

PtTERS 

93 

95 

100 

105 

120 

150 

ISO 

"305 

6.Y036-O2 

3. 4726-02 

1.539f-<52 

9.355E-03 

3.913E-03 

2. <5016-05 

2. 0136-03 

olO 

1.386E-01 

7.056E-02 

3.C83E-02 

1. 8706-02 

7.8C9E-03 

3.878E-03 

3.7416-03 

914 

2.379E-01 

1.173E-01 

5.0C6E-02 

3.017E-02 

1.245E-02 

5.894E-03 

5.410E-03 

1219 

3.937E-01 

1.839E-01 

7.541E-02 

4.468E-02 

1.792E-02 

8.100E-03 

7.205E-03 

1524 

6.543E-01 

2.859E-01 

I.1I6F-0I 

6.469E-02 

2.5C3E-02 

1. 0876-02 

9.543E-03 

FLIGHT  NO.  97 

FILTER  NC 

1.  5 

DIRECTIONAL  1 

PATH  REFLECTANCE 

FROP  GROUND 

TO  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF  SIGHT  IDEGREES) 

PETERS 

93 

95 

IOC 

105 

12C 

150 

180 

305 

;.e3(,--oi 

9.325E-02 

4.1 16E-02" 

2.5I2E-02 

1 .0536-02 

5.177F-C3 

4.8716-03 

510 

5.013C-01 

2.394F-01 

1.0C3E-01 

6 .0036-02 

2.456E-02 

1. 175E-C2 

1.C93E-02 

9 14 

8.534E-01 

3.8566-01 

1.554E-01 

9.193E-0? 

3.704E-02 

1.716F-02 

1.5526-02 

1219 

1.319E  00 

5.563E— 01 

2. 149E-01 

1.253E-01 

4.960E-02 

2.236E-02 

1.9836-0? 

1524 

2.091E  00 

8.081E-01 

2.953E-01 

1.669E-01 

6. 4986-02 

2.833F-02 

2.4756-02 

6-136 


AZIMUTH  OF  PATH  GF  SIGHT  =  9C 


FLIGHT  NO.  <57 

FILTER 

NO.  !  ' 

. 

DIRECTIONAL  PATH  REFLECTANCE 

FROM  GRODNO  TO  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

Mt-TCRS 

<53 

95 

10L 

105 

120 

150 

ldO 

105 

I.077F-01 

5.575E-02 

2.598E-02 

1.681E-02 

8.241E-C3 

5.029E-03 

4.758E-03 

410 

2.714F-01 

I.321F-01 

5.851E-02 

3.T21E-02 

1.788E-C2 

1.058E-02 

9.748E-03 

114' 

4.966E-01 

2.227E-01 

9.328E-C2 

5.824E-02 

2.735E-02 

1.563E-02 

1.412F-02 

1219 

7.725E-01 

1.259E-CI 

7.735E-02 

3.570E-02 

1.998E-02 

1.7861-02 

1  524 

1.182E  00 

4. 3616-01 

1.642E-01 

9.918E-02 

4.499E-02 

2. 4766-02 

2.196E-C’ 

FLIGHT  NO.  97 

FILTER 

NO.  2 

DIRECTIONAL  ! 

PATH  REFLECTANCE 

FROM  GROUND  TO  ALTITUDE 

ALT  11  DUE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES* 

McTtRS 

93 

95 

IOC 

105 

120 

150 

180 

105 

1.048E-0I 

5.460E-02 

2.562E-C2 

1.660E-02 

8. 135E-03 

4.867E-03 

4.456E-03 

olO 

2.815E-01 

1.382E-01 

6.158E-02 

3.92  IE-02 

t.ee3E-02 

1. 102F-02 

9.982E-C3 

914 

'  4.8126-Oi' 

2V208E-01 

9. 399E-02 

5.8926-02 

2.768E-02 

1.565E-F2 

1.392E-0? 

1219 

7.639E-01 

3.217E-C1 

1.302E-01 

8.029E-02 

3.706E-02 

2.052E-02 

1.810E-02 

1524 

1.355c  00 

5.042F-01 

1. 899E-C1 

1.146E-C1 

5.180E-02 

2.822E-02 

2.481E-02 

FLIGHT  NOV  97  "* 

F ICIER 

NO".  2 

— 

-  — 

— 

DIRECTIONAL  PATH  REFLECTANCE 

FKCM  GROUND  TO  ALTITUDE 

ALT  I 1  ODE 

ZENITH  ANGLE 

UF  PATH  OF 

SIGHT  (DEGREES) 

K.T-RS 

«3 

95 

ICO 

1C5 

120 

150 

ldC 

105 

4. 353E-02 

2.314E-02 

1.1C0E-02 

7.134E-03 

3.481E-C3 

2.124E-03 

2.013E-03 

jIO 

8.955E-02 

4.669E-02 

2.1  <46-02 

1.400E-02 

6.758E-C3 

4.035E-03 

3.741F-03 

<14 

1.495E-01  ~ 

7 .5626-02 

"3.430E-02 

'2.190E-02 

1.040E-C2 

5.984E-03 

5.410E-03 

1219 

2.3U7E-01 

1. 115F-01 

4.9C2E-0? 

3.097E-C2 

1. 4506-02 

8.09BE-C3 

7.2056-03 

1524 

3.522E-01 

1. 607E-01 

6.817E-C2 

4.257E-02 

1. 9696-02 

1.080E-C2 

9.543E-03 

FLIGHT  NO.  97 

FILTER 

NOV  5 

DIRECTIONAL  1 

PATH  REFLECTANCE 

FROM  GROUND  TO  ALTITUCE 

ALTITUOE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

95 

100 

105 

12C 

150 

160 

U'5 

I.242E-01 

6.447E-02 

3.005E-02 

1.931E-02 

9. 239E-03 

5.305E-03 

4.87IE-03 

410 

3.261E-01 

1.601E-01 

7.I26E-02 

4.513E-02 

2 • 130E-02 

1.208E-C2 

1.093E-02 

914 

5.447E-01 

2.528E-0I 

1.062E-01 

6.764E-02 

3.I42E-02 

1.740E-02 

I.552E-02 

1219 

8.150E-01 

3.544E-01 

1.459E-01 

9.013F-02 

4. 130E-02 

2.247F-02 

1 .9836-02 

1324 

1.210E  OC 

4.883E-01 

1.923E-0I 

1 . I72E-01 

5.292E-02 

2. 827E-02 

2. 4756-02 

6-137 


I 


AZIMUTH  CF_PATh  OF  SIGHT  «  J80 

F LIGHT  NOT  97  .  FILTER  NO.  I 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUDE 

ZENITH  ANGLE 

OF  PATH  CF 

SIGHT  (DEGREES) 

METERS 

93 

95 

IOC 

1C5 

120 

150 

HO 

305 

1.058E-01 

5.567E-0? 

2.703E-C2 

1.81  If— 02 

9.828E-03 

6.624F-03 

4. 7581-03 

ft  10 

2.694E-01 

1.330E-01 

6. IC6E-C2 

4.016E--02 

2.123E-02 

1.374E-02 

9.74Po-03 

~  HA 

4‘.987"E-bl 

2.25  36-0 1 

9.794E-02 

6.312E-0? 

3.252E-02 

1.993E-02 

1. 4121-0° 

1219 

7.860E-01 

3.253E-01 

1.335E-01 

8.455E-02 

4.280E-02 

2.528E-02 

1.7861-02 

1524 

1 .222  F  oc 

4.554F-01 

1.757E-CI 

1.102E-01 

5. 515E-02 

3.136E-02 

2.1966-02 

' 

FLIGHT 

NO.  97 

FILTER 

NC.  2 

‘ 

DIRECTIONAL  PATH 

REFLECTANCE 

FROM  GROUND  TO  ALTITUDE 

ALTITUDE 

Z 

cMTH  ANGLE 

OF  PATH  CF 

SIGH1  (DEGREES) 

mlhrs 

0  3 

95 

IOC 

ICG 

120 

150 

lfiO 

J05 

1.052E-C1 

2.7C1F-0Z 

1.8C9E-C? 

9. 708E-03 

6.296E-C3 

4.456t-03 

310 

2.829E-01 

1.407F-01 

6.490E-02 

4 • 273E-G2 

2.249E-02 

I.431T-02 

9.9826-0° 

114 

4.300E-01 

2.230T-01 

9.796E-02 

5.333E-02 

3.245E-02 

1 .970E-C2 

I.392E-C2 

1219 

7.710E-01 

3.2H5E-01 

1 . 370E-01 

B.718F-02 

4.408E-02 

2.578F-02 

I.810E-C2 

1524 

i;4T2E”00"' 

5.307F-01 

2.0516-01 

I.285E-01 

6.435F-02 

3.586E-02 

2.481F-02 

Flight  no.  97  filtsr  no.  3 

DIRECTIONAL  PATH  REFLECTAV  FROf  GROUND  TO  ALTITUDE 


Altituoe”' 

ZENITH  ANC:  » 

OF  PATH  cr 

'  ST  GH  t*  (DECREES) 

METERS 

93 

95 

100 

105  12C 

150 

180 

305 

4.296S-02 

2.322E-C? 

1 .  )  GsE-02 

7. 896E-03  4.427E-03 

3.151E-03 

2.013E-03 

610 

8.838E-02 

4.673E-02 

2.267E-02 

1. 5256-02  8.3356-03 

5.745E-03 

3.741E-03 

H4 

1.467E-01 

7.517F-02 

J.538E-C2 

2.347E-0?  1.253E-C2 

8.160F-C3 

5.4101-03 

1219 

2.289E-01 

1.121E-01 

5.1I5E-02 

3.357E-C2  1.782E-02 

1.083F-02 

7.205F-03 

1524 

3.551E-01 

1.646E-01 

7.2676-02" 

4.735E-02  2.528E-02 

1.454F-02 

9.543E-C? 

FLIGHT  NO.  97  ~  FILTER  NO.  5" 

"IRE CT 10 ML  PATH  REFLECT ANC E  FROM  GROUND  TO  ALTITUDE 


altituof 

ZENITH  ANGLE 

OF  PATH  CF 

SIGHT  (DEGREES) 

METERS 

93 

95 

ICO 

1C5 

12C 

150 

lac 

305 

1.248E-01 

6.569t-02 

3.  181E-02 

2.1216-02 

1.1256-02 

6.92CE-03 

4.8716-01 

610 

3.294K-01 

1.642E-01 

7.603E-02 

5.002E-02 

2.638E-02 

1.S95E-02 

1.0931— 02 

914 

5.478F-01 

2.581E-01 

1 .  147E-C1 

7 .434E-02 

3.847E-02 

2.751E-C2 

1.552.  -C2 

1219 

8.2506-01 

3.639E-0 1 

1.553E-01 

9.9416-02 

5.08CE-C2 

2.864F-02 

1.983l -02 

1524 

1.250E  00 

5.085E-01 

2.C76E-01 

1 .3146-01 

6.648F-02 

3.587E-02 

2.475F-C2 

6-138 


A/IKUTH  CF  PATH  CF  SI'.HT  »  270 


ALTITUOE 

McTrRS 

FLIGHT  NO.  97 

DIRECTIONAL  PATH  REFLECTANCE 
ZlNITH  ANGLE 

93  95 

FILTER  NO.  1 

FROM  GROUND  TO  ALTITUDE 

OF  PATH  OF  SIGHT  IDEGREESI 
IOC  1C5 

12C 

IbO 

llC 

105 

1.048E-01 

5.4355-02 

2. 549E-02 

1.655E-02 

8.203E-03 

5.1061-03 

4.758E-0A 

010 

2.666E-C1 

1.297F-01 

5. 752E-02 

3.659E-02 

I.763E-02 

1.0581-02 

9.748F-03 

914 

4.910E-01 

2.198F-01 

9. 193E-02 

5.733E-02 

,  2.690E-02 

1 . 5558-02 

1.412F-02 

1219 

7.O22E-01 

3.12CF-01 

1.239E-0! 

7.6C4E-02 

3. 5066-02 

1.987E-C2 

1.7861-02 

1 524 

1 • 157t  00 

4.273E-01 

1.609E-01 

9.718E-02 

4.415E-02 

2.466E-C2 

2. 196E-02 

FLIGHT  NO.  97 

FILTER 

NO.  2 

— 

DIRECTIONAL  PATH  REFLECTANCE 

FROM  GROUND  TO  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

Mi-TtRj 

9  3 

95 

IOC 

1C5 

120 

150 

18C 

!  '5 

1 .0338-0 l 

5.4O7E-02 

2..536E-02 

1.640E-02 

8.010E-03 

4.817E-03 

4.456E-03 

..10 

2.7898-01 

1.368E-C1 

6 .086E-C2 

3.865E-02 

1.846E-02 

1.086F-02 

9.982E-CA 

114 

4.769F-01 

2.186F-01  ” 

9. 272E-C2 

'  5.7938-02  " 

"2TtlW-02 

'  1.536E-02 

1 . 392F-02 

1219 

7.514E-01 

3.165E-0I 

1.278E-01 

7.E62E-02 

3.612E-C2 

2.C17E-02 

1.810E-C? 

1524 

1.317F  00 

4.914F-01 

1.852E-C1 

1.118E-01 

5.066E-02 

2.800E-02 

2.481E-0? 

FLIGHT  NO.  97 

FILTER 

NC.  3 

— 

- - 

DIRECTIONAL  1 

PATH  REFLECT ANC8 

FROM  GROUNO  TC  ALTITUDE 

ALTITUDE 

ZFNITH  ANGLE 

OF  PATH  OF 

SIGHT  IDEGREESI 

RlTL-RS 

93 

96 

ICC 

1C5 

12C 

150 

180 

305 

4. 282E-C2 

2.277E-02 

1.084E-C5 

7.C26E-03 

3.440E-C3 

2.145E-03 

'  2.013E-03 

olO 

8.871E-02 

4.619E-0? 

2. 144E-02 

1.376E-02 

6.601F-03 

3.992E-03 

3.741E-03 

H4 

1.468E-C1 

7.412E-C2 

3. 348E-C2 

2.126E-02 

1  .00Tf-02 " 

5“.83“lT-CT3 

574108-03 

1219 

2.2638-01 

1.094E-01 

4.786E-02 

3.CC7E-02 

1.394E-C2 

7.881E-C3 

7.Z05F-C3 

1524 

3.397E-01 

1.552F-01 

6.571E-02 

4.094E-C2 

1 . 886E-C2 

1.057E-02 

9. 543E-03 

FLIGHT  NC.  97 

FILTER 

NC.  5 

DIRECTIONAL  1 

PATH  REFLECTANCE 

FROM  GRCLNO  TC  ALTITUDE 

ALT  I TUiE 

ZENITH  ANGLE 

OF  PATH  CF 

SIGHT  (C6G°EFS) 

Ml  T  Rj 

93 

9j 

ICC 

175 

120 

150 

18C 

1"5 

1.294E-C1 

6.726E-02 

3.149E-0? 

2 .03  IE-02 

9. 8C4E-C3 

5.601F-C3 

4.871F-03 

>n 

3. 304E-01 

1.625E-01 

7. 250E-0.7 

4. 5991-02 

2.179E— 0? 

1.238E-02 

1.093E-C’ 

U4 

5.440E-01 

2. 5318-C1 

1.C85E-C1 

6.79IE-: 2 

3. 162E-02 

1.761E-C2 

1.552.  -02 

1219 

8.0878-01 

3.5258-01 

1.453E-CI 

8.9858-02 

4.124E-C2 

2.261E-C2 

1.9838-C,' 

1524 

1.1898  00 

4.794E-01 

1.8958-C1 

1.157F-01 

5.249E-02 

2.842E-C2 

2.4758-C. 

6-139 


FLIGHT  98 

Moonlight.  This  flight  was  made  in  the  Lop  Buri  area.  Away  from  the  city  of  Lop  Buri  the  ground  cover 
consisted  of  harvested-crop  areas.  There  was  considerable  artificial  ground  lighting  in  the  area.  There 
were  high  thin  cirrus  clouds  with  haze  near  the  ground.  Data-taking  started  at  2112  local  time  and  ended 
at  2325.  The  moon  phase  angle  was  37*  the  moon  zenith  angle  during  sky  radiance  data-taking  ranged 
from  12°,  to  1°  at  transit,  to  12°. 


FLKjHT  N G.9;  FILTbK  NO.  I 

IRRADIANCI:!  WATTS/ SQ.M.  MICRO  H. ) 


ALTITUDE.  ..UPWft-  . 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS)  HELLING 

WELLING 

ALBEDO 

OOHNWELLING 

UPHELLING 

TOTAL 

ALBEDO 

147  8.218E-04 

7. 0616-05 

.  COo 

1. 7526-03 

1  .&92E-04 

1. 4226-03 

.135 

439  1.083E-O3 

7.748L-05 

.072 

1.522.-.-03 

1.836T-04 

l.10br-02 

.121 

74.9.  1,1736-03 

7.4011-05 

.063 

l.t,  336-03 

1.955c-04 

1.828L-03 

.120 

1943  9.8616-04 

9.441E-05 

.096 

1.4256-03 

'.4551-04 

1.6716-03 

.172 

1374  9.4376-04 

9.59o'  -05 

.102 

1*4131 — 0  1 

2. 5446-04 

1.6681— OR 

.180 

1663  7.6036-04 

1. PIS'- -04 

.160 

1. 192r-G3 

3.077F-04 

1.499t  -03 

.258 

FLIGHT  NO ,98 

FILTER  NO.  2 

IRRAOIANCEIHATTS/SO 

•M. MICRO  H. I 

ALTITUDE  COKN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

( METERS)  HELLING 

HELL1NG 

ALE  600 

OOHNWELLING 

UPHELLING 

TOIAL 

albedc 

146  9.5706-04 

7.483C-05 

.078 

1. '4056-03 

1.7636-04 

1.5826-03 

.125 

437  1,0901-03 

9.2796-05 

.085 

1 • 519t-03 

2.135E-04 

1.733F-03 

.141 

749  1.012E-03 

“9.S10L-05 

.094 

F. 479 6-03 

2.258F-04 

1.7C5E-03 

.153 

1043  1.017E-03 

1.0846-04 

.107 

I.470,:-03 

2. 6296-04 

1.733fc-C3 

.179 

1664  1.1306-03 

1.1986-04 

.106 

1.549L-03 

2. 9526-04 

1. 844E-03 

.191 

FLIGHT  NO. 98 

FILTER  NO.  3 

IRRADI ANCEt WATTS/ S3. H. MICRO  K. ) 

ALTITUDE 

DOWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

IMETtASl 

HELLING. 

HELLING 

ALBEDO 

OOHNWELLING 

UPHELLING 

TOTAL 

ALREDO 

137 

3.2746-04 

1.2806-04 

.166 

1.758E-03 

'.8086-04 

1.5396-03 

.223 

.  .440  -  _ 

1-423P-Q3 

2.7486-04 

.193 

1.8636-03 

6.8A9E-04 

2.548E-03 

.368 

749 

3.6596-04 

1.3206-04 

.152 

1.303E-03 

2.898E-04 

1.5936-03 

.227 

-  LQ43  .. 

7.3926 -J  4. 

L.2746-04 

.172 

1.163E-03 

2.950F-04 

1.458E-03 

.254 

1375 

0.0856-04 

1.125F— 04 

.124 

I.32lr-03 

2.809L-04 

1.602E-C3 

.213 

.  1664 

1. 4336-03 

1.834E-04 

.123 

I.869c-03 

4.D49F-04 

2.274L-03 

.217 

FLIGHT  NO. 98 

1  ILTtR  NO,  4 

I  RP.AOI  ANCE1  WATTS /SQ 

.K. MICRO  M.) 

ALTITUDE 

DOWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

IMET6RS) 

HELLING 

HELLING 

ALBEDO 

DOWNUELLING 

UPHELLING 

TOTAL 

ALBEDO 

.  1315 

6.2726-0.4 

1.843E-04 

.294 

9.498E-04 

:. 6626-04 

1. 3166-03 

.386 

439 

1.3596-03 

2.1786-04 

.160 

1.696C-03 

4.5171-04 

2.148E-03 

.266 

749 

7,8026-04 

2.1726-04 

.278 

1.1086-03 

4.4846-04 

1.5576-03 

.405 

1043 

6.433E-04 

2.0006-04 

.311 

9. 8586-04 

4.0496—04 

1.391C--C3 

.411 

1375. 

1..134C-03 

2.2406-04 

.197 

1.4731-03 

4.5536-04 

1.929E-G3 

.309 

1665 

1.0871—03 

2.1735-04 

.200 

1.4) 5c-03 

4.46AE-04 

1.861E-C3 

.316 

FLIGHT  NO. 98 

.  .  . 

FILTER  NO.  5 

IRRACI ANCE (UATTS/SQ 

.M. MICRO  M.) 

ALTITUDE 

DOWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS) 

.  WELLING. 

HELLING 

ALBEDO 

OOHNWELLING 

UPHC-LLING 

TOTAL 

ALBEDO 

133 

9.365E-04 

7.987E-05 

.085 

1.387E-03 

1.775E-04 

1.564E-03 

.128 

1.149E-0? 

9.496E-05 

.083 

1.622E-03 

2.262E-04 

1.848E-03 

.139 

748 

8.745E-04 

1.036E-04 

.118 

1.348E-03 

2.458E-04" 

1.594E-03 

.182 

1042 

8.007E-04 

1.1306-04 

.142 

1.282E-03 

2.7726-04 

1.55SE-C3 

•  Zl6 

1371 

1. 199c-03 

1.279F-04 

.  1G7 

1.6986-03 

3.092E-04 

2.0075-03 

.182 

1664 

9.530E-04 

1.629F-04 

.171 

1.426E-03 

3.8506-04 

1.811E-C3 

.270 

6-142 


FLIGHT  NO.  98 

AZIMUTH  OF  PATH  OF  SIGHT  *  v» 


UlRECT IONAI  REFIHCTAKXE  GF  BACKGROUND 


ZENITH 

ANGLE 

1 

FILTL.RS 

a 

9 

93 

• 191C0 

.10999 

.11327 

.21106 

95 

.15213 

.13310 

.12491 

.16919 

100 

.09599 

.16834 

.10337 

.34121 

105 

.06222 

.09604 

.08278 

.14481 

120 

.06729 

.07601 

•C9U96 

.14434 

150 

.07920 

.05294 

.10787 

.14763 

ISO 

•07864 

•0764C 

.06164 

.13915 

FLIGHT  NO.  98 

AZIHUTH  OF.  PMH-CF.  SlQHt  *  9Q 
DIRECTIONAL  REFLECTANCE  OF 
ZENITH  .  .  _ .fUULTJtftSL 

ANGLE  1  2 

BACKGRGUNC 

5 

3 

93 

.17717  ,16139 

.18491 

.38737 

9a 

.12679  • 12698 

.11979 

.10839 

100 

.08998  .10424 

. 06^30 

.13791 

105 

.08538  .08364 

.C6566 

.14156 

12C 

..  •  08442  ..  .07925 

,07560.  . 

.14702 

150 

.98633  .06603 

.C8715 

.14883 

180 

,07864  .07640 

.08164 

.13915 

AZIMUTH  C6 

[•IRcC 

FLIGHT  NO,  98 
PATh  CF  SIGHT  *  ISO 
TIONAL  REFLECTANCE  CF 

6ACK6  <CtfcJ 

ZENITH 

ANGLE 

filters 

1  z 

5 

3 

93 

.14375  .16110 

. I 3669 

.21305 

95 

.12839  .12704 

.10667 

•ie227 

100 

.10472  .13167 

.CS591 

. 15556 

105 

.09627  .09634 

.09361 

.16717 

120 

.08860  .06215 

.08074 

.19517 

150 

.05310  .07876 

.09443 

.15257 

180 

•078o4  .07640 

•  OF  164 

.13915 

_ AZIMUTH 

DIR 

FLIGHT  NO.  98 

OF  PATH  OF  SIGHT  =  270 

ZCTIONAL  REFLECTANCE  UF 

BACKGROUND 

—ZENIIH 

ANGLE 

FILT.RS 

1  2 

93 

.17195  .19871 

.14813 

.21773 

95 

.12445  .12259 

.11489 

.16871 

100 

.11489  .10393 

.05812 

.14336 

105 

.09818  .09711 

.05056 

.laCIO 

..  120 

.08740  .65941 

.11272 

.14595 

150 

.10524  .07350 

•  07962 

.18356 

.  180 

. 078o4  .07640 

.08164 

.13915 

H 


<* 


4 
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DATE  33069 

FLIGHT  NO. 

9.1  GROUND 

LEVEL  ALTITUDE  (  H.)« 

31  !UP«1 

AirffuBe 

TOTAL 

SCATTERING  COEFFICIENT  (PER  HETER) 

xmmx.... 

FILTERS  1 

? 

3  4 

b 

c 

6.2296-05 

b.2016-05 

3.2786-05 

5.0566-05 

30 

6.2Q8E-Q5 

5.184E-05 

3.267E-05 

5.040E-05 

*  l 

6.1886-05 

5.167E-03 

3.2566-05 

6.0236-05 

91 

6.167E-05 

5.1506-05 

3.2456-05 

5. 006 E-05 

122 

6. 147E-05 

5.1326-05 

3.2346-05 

4.989E-05 

_ i>:? . 

.  .  6.426E-05 

5. USE-05 

3.2246-05 

4.9736-05 

183 

5.942E-05 

4.9158-05 

3.2376-05 

4.8406-05 

,  213 

5*8228-05 

4.549E-05 

3. 137S-05 

4*6246-05 

244 

5. 706E-05 

4. 060 F— 05 

3.0936-05 

4.6826-05 

274 

5.496t-0S 

4.051E-05 

2.9846-05 

4.4186-05 

305 

5. 176E-05 

3.S82E— 05 

2.8836-05 

4.255E-05 

335 

4.844E-05 

4.119F-05 

2.6546-05 

4.1746-05 

3*6 

4.814E-05 

4.248F-05 

2.5686—05 

4.2456-05 

_  394  . 

4.878E-05 

4.308fc-ti5 

2.5536-05 

4.2466-05 

427 

4.9946-03 

4.3396-05 

2.6516-05 

4.534t-05 

457 

5. 2088-05 

4.3986-05 

2.756L-05 

4.6086-05 

488 

5.218E-05 

4.3726—05 

2 .6816—0? 

4.3166-05 

.  5 

5. 141L-05 

4. 1436-05 

2.5916-05 

4. 3576-05 

649 

5.0985-05 

4.0026-05 

2.5366-05 

4.3246-05 

5)9 

4.964E-05 

4.007E-05 

2.5126-05 

4.2426-05 

610 

4.V3YS-05 

"4.0426-05 

2.48'9''-0“5  " 

"4.0686-05 

640 

4. 746E-05 

i. 9066-05 

2.4616-05 

3.9066-05 

671 

4.70TE-05 

3.809F -05 

2.4406-05 

3.9896-05 

701 

4.545E-05 

3.87TE-05 

2.519E-05 

4.1746-05 

732 

4.5226—05 

0.042 E-05 

2.6536-05 

4.3856-05 

742 

4.644E-05 

4.133L— 05 

2. 872t-05 

4.6076-05 

792 

4.805E-05 

4.5586-05 

3. 0276-05 

4.734E— 05 

823 

5.096E— 05 

4.8826-05 

3.1266-05 

4.8396-05 

853 

5.745E-05 

5.0746-05 

3.181E-05 

4.902E-05 

884 

_ 5.999S-05 

5. J98E-05 
6.3966-05 

,.3.«  2596-05 _ 

3.2846-05 

5.0836-05 

914 

6. 1616-05 

5.2516-05 

. *45. _ 

_ fc.Jt22£-05 

5.4778-06 

3.3186-05 

5.381'E-05 

975 

6.399E-05 

5.515F-05 

3.3666-05 

5.4756-05 

1006 

3.46PE-05 

5.459.6-05 

1036 

6.727E— 05 

_ 

5.7656-05 

3.4946-05 

5.48v i-05 

1,067 

6.6946-05 

...  6.A09E-05  . 

3.4876-05 

5.562E— 05 

1097 

6.828E-05 

5 .9396-05 

3.499E-05 

5. 5686— 05 

_  1128.  . 

6.8766-05 

6.029E-05 

3.5376-05 

5.64SE-05 

1158 

6.718E-05 

6.1536-05 

3.5586-05 

5.721C-05 

11S9 

4.8406-05 

6.2P2E-05 

J. 6176-05 

5.775E-05 

1219 

7.0046-05 

6.162E-05 

3. 5976-05 

5.7886-05 

1250 

. 1,0156-05 

6.1776-05 

3.616E-05 

5.8426-05 

128C 

7.0156-05 

6.2316-05 

3.6666-05 

5.819E-G5 

...  13A1 . 

T.036E-05 

6.2068-05 

3.7046-05 

5.821E-05 

1341 

7.O506-05 

6.0786-05 

3.7136-05 

5.7146-05 

1372 

7*0546-05 

6,1806-05 

3.708E-05 

5.6786-05 

1402 

7.0306-05 

6. 0786-05 

3.7316-05 

5.6606-05 

.  ..443? 

7.222E-05 

5.9968-05 

3.7266-05 

5.8646-05 

1463 

7.  296E-05 

6.1516-05 

3.8036-05 

6.008E— 05 

..4494 _ 

7. 197E-05 

6.1716-05 

3.8516-05 

6.0396-05 

7524 

7.0676-05 

6.240F-05 

3.7946-05 

6.209E-O3 

1554 

6*949.tn05. 

6.356E-05 

3.8276-05 

6.2956-05 

1585 

6.8466-05 

6.452E-05 

3.8146-05 

6.287E-05 

.1615.  . 

6.740C-05 

6.560E-05 

3.8136-05 

6.1256—05 

1646 

6.911F— 05 

6.567E-05 

3.7966-05 

6.334E— 05 

467b 

tm Bo2c*05 

6.545F-05 

3.7846-05 

6.3136-05 

1707 

6.  840£-')5 

6.5236-65' 

“3.  roe-os" 

6.2926-05 

1737 

6.8176-05 

6.501E-05 

3.7586-05 

6.271E— 05 

17b8 

6.7946-05 

6.480F-05 

_3_.T«E=Wr - 

6.2506-05 

1798 

6.772E-05 

6.458E-05 

3.733E-05 

6.2306-05 

1829 

6.  7496-05' 

6 .4376-05 

3-72T6-05— 

6.209E-05 

FIRST  DATA 

ALT.  6 

6 

c  “  *  5 

6 

LAST  DATA 

ALT.  56 

55 

55  55 

55 

FLIGHT  NO.  98  _  FILTER  NO.  1 

HEAR  TRANSMITTANCE  FROM  GROUND'  TO  ALTITUDE 
ALTtrUut  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES! 


Ht  TLRS 

93 

94 

100 

105 

120 

150 

•OS 

.7048935 

.8121275 

.9008231 

.9323232 

.9643762 

.9792751 

■>10 

.5217718 

.6815665 

.8249661 

.8788908 

.9353595 

.9621537 

-.14 

. 503743? 

.5717097 

.7553079 

.8283814 

.9071371 

.9452843 

1219 

.2549854 

.4530967 

.6771076 

.7659922 

.871104? 

.9234204 

1 5  4 

.1636947 

.3535332 

.5934070 

.70*5902 

.8342308 

.9006469 

FLIGHT  NO.  98  FlLlf^  nC.  2 

t'CA*  TRANSMITIANCF  FROM  GROUND  TO  ALTHUlE 
ALTI  IU>  E  Z..NI1H  ANGLE  OF  PATH  CF  SIGHT  (DEGREES) 


hft< as 

4  3 

55 

100 

105 

125 

150 

-5 

..'545338 

.8457216 

.9193270 

.945136C 

.9712135 

.9832779 

i,10 

.68068OG 

.7303279 

.8540765 

.8995793 

.9466928 

.9688673 

514 

.4481038 

.6257278 

.7903?ifc 

.8539531 

.9215261 

.9539124 

1219 

.3132793 

.5102396 

. 7133  >  3 • 

.7972503 

.8693774 

.9345246 

l5>-4 

.2134862 

.4115406 

.6404274 

.7415762 

.8566190 

.9145237 

_  _FLIGHT  NO.  98  FILTER  iO.  3 

BEAM  TRANSMITTANCE  FROH  GROUND  TO  ALTITUDE 

ZENITH  ANGLE  OF  PATH  Of-  SIGHT  (DEGREES) 


MfcTfKS 

93 

95 

IOC 

105 

120 

150 

355  . 

_ ,.8297.54.1 

.8948932 

.9457820 

.9632912 

•9808266 

.9886851 

6 1 C 

.7089977 

.8165701 

.9032930 

.9340376 

.9652937 

.9798129 

V14 

15961765 

.7393013 

_  ...,8393304 

.9032884 

.9487113 

.9700594 

1219 

.4812656 

.6546363 

.8084415 

.60 70400 

.9288096 

.9582580 

1324 

*3813369 

.5747496 

.  ,7573209 

.8298620 

.9079760 

.9457889 

FLIGHT  NO.  98  FILM  •  NO.  A 

BEAH  TRANSMITTANCE  FROM  GROUNO  TO  ALTITUDE 


ALTITUDE  . 

ZENITH  ANGLE  OF  PATH  OF 

SIGHT  (DEGREES) 

HfcTtRS 

93 

95  100 

105 

305 

610 

•<14 

1  ?  19 

1  >  4 

150 


FLK-H1  ’JO.  9’’.  ULUR  NC. 

BEAM  TRANSHIT  r  ANCi  FROH  uRODNO  To  ALTITUDE 


ALTITUDE 

HiTtRN 
Su5 
(>1  ) 
914 
1219 
1  S  ’4 


ZiNIlh  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


93 

.7322101 
.5805376 
.4405130 
. 3128785 
.2170372 


.84*1377 

.7757508 

.619468? 

.510017? 

.4157407 


100 

.9184724 

.8513887 

.7863435 

.7172371 

.6436596 


105 
.9445395 
• SS7679C 
.3510668 
.7971333 
.  !<  - '  3 


120 

.9700966 

.9456571 

.9199125 

•B89259E 

.8581365 


150 

.9830924 

.9682552 

.9529477 

.9344836 

.9154587 


180 

.9*202*6 

.9*71399 

.9524374 

.9333296 

.9133623 


180 

.9855019 

.9729814 

?9599615 

.9430416 

.9255371 


180 

.9903670 

.9624936 

.974018) 

.9637477 

.9528777 


180 


160 

.9853409 

.9724490 

.9591207 

.9430057 

.9263566 
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0 


AZIMUTH  OF  PATH  OF  SIGHT  - 


TCI  6ET~W0T-$S - WnBnWTl 


PATH  RAO} ANCE  FROM  GROUND  TO  ALTITUOEhMTTS/STER.SQ.N  MICRO  M»  ) 
ALTITUDE  ZENITH  ANGLEOF  PaTh  OF' STgNt  TdEGRETSV 


METERS 

93 

95 

100 

105 

120 

150 

1 8C 

305 

3.226E-05 

1  *  890E-05 

9. 529E-06 

6.245E-06 

3.023E-06 

1.751F-06 

1.6916-06 

610 

5. J80E-05 

3. 365E-05 

1.768E-05 

1 .1786-05 

5.8416-06 

3. 4906-06 

3.432E-C6 

914 

7.063E-05 

4.6876-05 

2.558E-05 

1 .7286-05 

8.7126-06 

5.277E-06 

5.2266-06 

1219 

8.426E-05 

6.005E-05 

3.447E-Q5 

2. 372E-05 

I.217E-05 

7. 3916— 06 

7.266t-06 

1524 

9.4236-05 

7. 132E-05 

4.288E-05 

2. 9986-05 

1.555E-05 

9.369L-06 

9. 0986-06 

- -  -  - 

'  FLIGHT  NO.  98 

FILlt .. 

\C*  2 

PATH  RADIANCE 

FROM  GROUND  TO 

ALTITUDE (WAITS/ STER. SQ.M 

MICRO  M.) 

ALTITUDE 

ZFNITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

95 

100 

105 

120 

150 

1  80 

305 

"2.886F-65 

1 V 664 E'-  0  5 

87?94'C-7>6 

5.4<59E-0'6 

2.609E-06 

l. 5306-06 

1 ,5176-06 

610 

4.825E-05 

2.957E-05 

1 . 530E-05 

1.0I4E-05 

5. 0006-06 

3.C011-C6 

2.991E-C6 

914 

6. 363E-05 

4.1751=05“ 

2'.tt«= or 

— r.7r<«r-05 

7.468E-06 

4.5236-06 

4.467E-C6 

1219 

7.863E-05 

5.451E-05 

3.060E-05 

2.089E-05 

1.064E-05 

fc .4866-06 

6.3841-C6 

1524"" 

9.0626-05 

'6V639E=b'5  "  * 

3.886E-05 

2.685F-05 

1.3836-05 

8.423F-C6 

8.2771-06 

FLIGHT  NO.  98 . FILTER  NO.  3 

PATH  RADIANCE  FROM  GROUND  TO  ALTITUDEIWATTS/ST6R.SQ.M  MICRO  M„  ) 
'ALTITUDE  . ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


METERS 

93 

95 

100 

105 

120 

15C 

180 

305 

“T.  1036-05 

1.186E-05 

5.8306-06 

3.7856-06 

1 . 810C-06 

1.0546-06 

1.0626-06 

610 

3.8586-05 

2,2686-05 

1 . 1426-05 

7. 4921 -06 

3.6526-06 

2.187E-06 

2.287t-C6 

914 

5.0266-05 

3.096E-05 

1.602E-05 

1 .06  If  -05 

5.2216-C6 

3.1256-06 

3. 1946-06 

1219 

6.0156-05 

3.900E-05 

2.082t-05 

1.3946-05 

6,91  IE— 06 

4. 1136— 06 

4.1206-06 

1524 

7.0406—05 

4. 767E-05 

2.6116-05 

1.7626-05 

8.762L-C6 

5.167F-06 

5. 124F-G6 

FLIGHT  NO.  98  FILTFR  NO.  A 

PATH  RADIANCE  FROM  GROUND  TO  ALTITUOEIWATTS/STER.SC.M  KICRC  M. ) 


ALTITUDE 

ZENITH  ANGLE  OF 

PATH  OF  SIGHT 

(DEGRFFS) 

METERS 

•’■U5 

610 

914 

1219  . 

1524 

93 _ 

95 

IOC 

105 

125 

150 

iac 

ALTITUDE 
METER§  .  . 
305  2 


FLIGHT  NO.  98  FILTER  <»C.  5 

PATH  RADIANCE  FROM  GROUND  TO  AL TI TUOE( WATTS/ 51 ER. SQ.M  MICPO  K.  ) 
ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


_  93 
,8986-05 


914  6.4866-05 

1219 _ X«9.I2E.-05 

1524  9.437E-05 


9b 

1.672E-05 

-.-it.OAl-tO.5- 

4.228E-05 

5.4806-05 

6.8476-05 


100 

8.3526-06 
1.597E-05 
2. 2786-05 
3.074E-05 
3.9646-05 


105 

5.4616-06 
1.0606-05 
1 .5316-05 
2.096E-05 
2.729F-05 


120 

2.6516-06 

3.240E-06 

7.665E-06 

1.061E-05 

1.388E-05 


150 

1.570E-06 

3.1471-06 

4.5951-06 

6.327E-06 

8.24K-C6 


ie ; 

1.54U-06 
3. 103E-C6 
4.464E-C6 
6.047F-C6 
7. 894E-06 


6-146 


*• iruth 

CF  RATH  i'F  SIGHT  =  40 

FLIGHT  NO.  98 

FILT!  P 

TC.  1 

PATH  UDIAnCP  FROM  GROUND  TC 

Al TI TULL ( NA  TTS/ STEP . S4. R 

MICRO  R.» 

altitu  e 

niih  angle 

OF  PATH  uF 

SIGHT  (DEGREES) 

RCTt  Rj 

J  1  95 

iOC 

105 

120 

15C 

180 

!  '5 

3.062E-05  1.8015-05 

9.185E-06 

6.0901-06 

3.052E-06 

1.358E-06 

1.691E-06 

olO 

5.1GK-05  3.24Cf-05 

1.7105-..5 

1.156E-05 

5.892E-06 

l.bSI'-Ob 

3.432F-06 

■•14 

6.81?t-05  4. 5375-05 

-;.4  94 1-  I'S 

1.700E-05 

8. 775F-06 

5.489F-06 

5.2261-06 

121-; 

0.1741 -05  .8355-05 

3.369L-C5 

2.335E-05 

1 .221E-C5 

7.625E-06 

7.266E-C6 

1-j/- 

9 . 1 01 o  —05  6.409c-05 

4.162E-05 

2.5455—05 

1.558E-05 

9.t38F-06 

k 

9.098E-06 

FLIGHT  NO.  93 

FlLlc. 

iQ.  2 

PATH  nAHIANCE 

FROM  GROUNO  To  ALT! TOOE { WATTS/STER.SO. R 

MICRO  R. ) 

ALTlTUOe 

7EN11H  ANGLE 

06  PATH  OF 

SIGHT  (DEGREES! 

....JJUfEHi 

. .93.  . 

95 

103 

105 

120 

150 

180 

305 

2.732E— 05 

1.5856-05 

8.0206-06 

5.312E-06 

2.784E-06 

1.6S9E-06 

1.517E-06 

610 

_. _4jk.63SL.-05 

2.849C-05 

1.490E-C5 

9.9876—06 

5. 155E-C6 

3.180E-06 

2.9916-06 

914 

6.1741-05 

4. 0186-05 

2. 1736-05 

1 .4726-05 

7.589E-06 

4.7126-06 

4.467E-06 

_ _ 121.9 

. 7VL4.1L-05 

5. 308E-05 

J. 0006-05 

2.063E-05 

1.070E-05 

6.7046-06 

6. 3646-06 

1524 

8.6916-05 

6.400E-05 

3.7786-05 

2.639E-05 

1.387E-05 

8.728E-06 

8. 2776-06 

FLIGHT  NO.  98 

FILTER 

NO.  3 

PATH  RADIANCE..EROH  GROUND  TO 

ALTiTU0E(KAT.TS/SI6R.Sa.,R  MICRO  R.) 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  {DEGREES! 

METERS. _ 9?. _ 

95 

..  .100 

.105 

..  .120 

150 

.  .  180  ... 

305 

1.998E-05 

1.132E-05 

5.622E-06 

3.6896-06 

1.81 56-06 

1.103E— 06 

1.0626-06 

_  fllO_. 

3-746F-05 

2.209F-05 

1.1196-05 

.  Z.395L-06  . 

-3,6646-06 

2. 2656— 06 

.  2.2876-06 

914 

4.895E-05 

3. 0246-05 

1.574E-05 

1.0506-05 

5. 2406-06 

3.211E-C6 

3. 1946-06 

1219 

...  5^844t-Q5.. 

.  3-RO3E-05.... 

-.2,0446-05 

1.379E-05 

6.950E-06 

4.221F-06 

4.1206-06 

1524 

6.698L-05 

4.563E— 05 

2.5266-05 

1.7216-05 

8.742E-06 

5.306E-06 

5. 1246-06 

FLIGHT  NO.  98 

FILTER 

NO.  4 

PATH.  RALilA!LCE.„FReR  CRP.URD  TO. .AUITyOfc.LWATTS/STER.Sq.R 

MICRO  M. ! 

ALTITUDE 

zenith  angle 

OF  PATH  OF 

SIGHT  {DEGREES! 

f<t  U  RS> 

9  3 

95 

100 

105 

120 

150 

18C 

-Jt‘5 

c  i  ‘J 

V  14 

ii/t 

FLIGHT  NO.  98 

FILTER 

NO.  5 

PATH  RADIANCE 

FROM  GROUND  TC 

l  ALTJTUDEIHATTS/STER.SC.R 

MICRO  R.l 

ALT1TUDF 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  {DEGREES! 

RETtRs 

93 

95 

100 

105 

120 

150 

16C 

305 

2.794E-05 

1.618E-05 

8. 1456-06 

5.370E-06 

2. 6596-06 

1.615E-06 

1.5416-06 

610 

4.878E-05 

3.0016-05 

1.566E-05 

1.047E-03 

5.271E-06 

3.2366-06 

3.103E-06 

914 

6.3406-35 

4.141E-05 

2.241E-05 

1.5166-05 

7.695E-06 

4.6906—06 

4.4646-06 

1219 

7.6976-05 

5.346E-05 

3.016E-05 

2.068E-05 

1.061E-05 

6.4276-06 

6.047E-06 

1524 

9.0286-05 

&.593F-05 

3.858E-05 

2 -6R1E-05 

1.3946—05 

8.4836-06 

7.8946-06 

6-147 


AZIMUTH  OF  PATH  OF  SIGHT  «  ISO 


FLIGHT  NO.  98  FIITIR  NO.  I 

PATH  RADIANCE  FROM.GROUND  TO  ALT! TUDE ( MATTS/ STER. SC. M  MICRO  M.) 
ALTITUDE  '  ZENITH' ANGLE'  OF  PATH  OF  SIGHT  (DEGREES) 

METERS  9J  95  100  10b  120 

305  2.964E-05  T.750E-05  6.999t-C6  6.0186-06  3.07lc-06 

>'•10  5«J&28E-05  _  3.16AE-05  1.68BF-05  1.1446-05  5.926F-C6 

9 14  6.671E-05  4.447E-05  >.4586-0>  1.6861-05  8.821F-G6 

1219  0.0616-05  5.7b6fi-0S  3.33SF-C5  2. 3216-05  1.2276-05 

lb ’4  9. 0036-05  6.835C— Ob  4.148E-05  2.9321-05  1.564E-CS 


IbO 

1.8691-06 
3.687E-06 
5.534E-06 
7. 6751-06 
9.70IF-C6 


180 

1.691E-06 
3.4326-06 
5.2266-06 
7. 2666-06 
9.C981-06 


FLIGHT  NO.  98  FILTER  MO.  2 

PATH  RAOIANCE  FROM  GROUND  TO  ALT  I TUCE { WATTS/ST  fi.SO.M  MICRO  M.  )  * 


IITUOE 

ZLNI1H  ANGLE 

OF  PATH  f,F 

SIGH)  (0EGRE6S) 

METERS 

93 

95 

IOC 

10b 

120 

1 59 

IBC 

!05 

2.6526-05" 

1.543E-05 

7. 8696-06 

5.2526-06 

2.6776-06 

1.645F-06 

1.517F-06 

610 

4.bC8E-05 

2. 7816-05 

1.4646-05 

9.879T-06 

b. 0936-06 

3. I 746-06 

2.991E-06 

914 

6.055E-05 

3.9466-05 

2. 1456-05 

I.460E-CS 

7.S71F-06 

4.721 r-06 

4.4676-06 

1219 

7.5686-05 

5.255F-05 

2.976t-0b 

2.053F-05 

1.0741-05 

6.706c-06 

6.384t~06 

15  24 

8.60ul-05 

a. 3336-05 

3.744F-05 

2. 6216-05 

1.3e91  -C5 

8.685  -06 

8.2776-06 

ALTITUDE 
METERS 
335 
>40 
914 
...  1219 

1524 


FLIGHT  NO.  98 


PATH  AUIANCE 

93 

2.0396-05 
3.  .3961.-0  5  . 
4.979c-05 
.  5.9541-05 

6.8586-05 


FROM  GROUND  TO 
ZENITH  ANGLE 

9t> 

1.164F-05 
2.317E-05 
5. 101T-05 
3.895E-05 
4.687!  -Cb 


FILTER  NO.  2 

ALTITUCElMATTS/STFR.SL.M  MICRO  M. ) 
OF  PATH  OF  SIGHT  (DEGREES) 

100  lCb  129 

5.8916-C6  3.929.-06  U9E51-C6 


1.202F-C5 

I.647E-05 

2.1246-Ci 

2.621E-0b 


8.118L-06 
1 • 1 19r-05 
l. 4512-05 
1 . "032-35 


4.I82C-C6 

b.782.,-0t 

7.5061-06 

9.342.--06 


lbC 

1 . 169'“— 06 
2.49C6-06 
3.-6IE-C6 
4.4776-06 
5.57U-06 


180 

I.C621-06 

2.2876-06 

3.1946-06 

4.120E-06 

5.1241-06 


FLIGHT  NO.  98  FILUR  NO.  4 

_  .  PATH. .RADIANCE  FROM  GROUND  TC  ALTITUCEIMATTS/STCR.SC.M  MICRO  M.) 

ALTITUDE  ZENITH  ANGLE  OF  PATH  >"F  SIGHT  (DEGREES) 

METERS  93  9b  ICO  1C5  120 

>05 


6X0.... 

914 

1219 

lb24 


159 


180 


FLIGHT  NO.  98  FILTER  NO.  5 

PATH.  RAOIANCE  FROM  GROUND  TO  ALTJTUC6(WATTS/STtR.5C.M  MICRO  M. ) 


ALTITUliE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

9  J 

9b 

IOC 

105 

12C 

150 

loC 

395 

2.700F-95 

1.5696  05 

7.960E-06 

5.2906-06 

2.6706-06 

1.638F -06 

1.5416-06 

610 

4..7.38F-05 

2.9721  95 

1.5356-05 

1. 0336-05 

5.292E-C6 

3.2796-06 

3.1036-06 

914 

6. 2120-05 

4. 0626-05 

2. 2096-05 

1 .5626-05 

7.7276-06 

4.745F-06 

4.4641-06 

1219 

7.6076-05 

b. 2836-05 

2.9886-05 

2.C56F-05 

1.065E-C5 

6.483F-06 

6.0476-06 

1524 

8.8946-05 

6.5006-05 

1. 1146-05 

2.6901-05 

1.3956-05 

8.4946-06 

7. £946-06 

I 


AZIMUTH  OF  PATH  OF  SIGHT  *  270 

FLIGHT  NO.  98  . "  ~  FYLffR  WO." T 

PATH  RAOIANCH  FROM  GROUND  TO  ALTITUOE(MATTS/STER.SQ.N  MICRO  M. ) 
ALTITUDE  ZLNIIH  ANGLE*  OF'  "PATH  *  OF  "SIGHT  (DEGREE'S) 


METtRS 

93 

96 

100 

105 

120 

105 

3.142E-05  ' 

1. 8526-05 

9.480E-06" 

6. 2946-06 

3.126E-06 

<>10 

5 . 2 1 1 E“0  5 

3.230F-05 

1. 7476-05 

1.178E-05 

6.015E-06 

914 

6.835>;-05 

4.561-  -05 

2.5216-05 

1.723E-05  ' 

B.935E-06 

1219 

8.267.- -05 

6.898E-05 

3.413F-05 

2.3676-05 

1.240F-05 

li,4 

9.73U-05 

7.0061—05 

4.2436-05 

2.9886-05 

1.580E-05 

150 

1.831E-06 
3.686E-06 
5,5776-06 
7. 7106-06 
9.737E-06 


180 

1.691E-86 
3.432E-06 
5. 22 6 E -06 
7.266E-C6 
9.098E-06 


FLIGHT  NO.  )8  FILTER  NO.  2 


PATH  RADIANCE  FROM  ..ROUND  TO.  AL T I TUCE (MA.T.ISy 5J.ER.« $Q» M.  MJQRO  M.) 

ALTITUDE  ZEnIIH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

...... -METERS....  ..  73.  95  .  .  LOO.  . . 10A . JL2.Q. . 150  180 

705  2. 7171-05  I.574F-0S  7.9S8E-06  5.261E-06  2.626E-06  I.589E-06  1.517E-96 

- 6JL0 - AtiaiLrflS - 2>a2*.L-.ft5_. _ l*Sflfl£=fl5 _ 9»-925fcA6 _ 5*J>3£JErJJ6 _ 3.144E-06 _ 2,9916-06 

914  6.158E-P5  4.006E-05  2.169E-05  1.469E-05  7.540E-06  4.682E-06  4.467E-06 

. 1219 . 7-t72.7E.-0S . 5t3S2E-0S.  ..  .3.tOJL7E-05-  ..2*0.7.00-05 . l.-.0.7.1f.-0.5  ..  6.644E-06  6.3«4£-«fc 

1524  8. 8656-05  6.499F-05  3.816E-0S  2.654E-05  1.387E-05  8.592E-06  8.277E-06 


FLIGHT  NO.  98  FILHR  NO.  3 

PATH  •<  AD  LANCE  FROM  OROUNC  T(  ALT  I TUOE( HATTS/STFR.S5.M  MICRO  M.) 
ALTITUDE  ZtNUH  ANGLE  OF  PATH  CF  SIGHT  (DEGREES) 

_ ..MLIuRS....  ...  93.  ..  9?  100  1C5  120 

>05  2.1  13E-05  1.20tr-0‘j  6.1l2fc-'Jfc  4.081E-06  2.068E-06 

-  .  -  -0.10 - 4. 35iE--Q5_. _ MMM  E.-GS _ l,Jft9E-_Q5 _ 9,33.6t-06  _  4.8556-06 

914  5.4S3F-05  3.4I3E-05  1.833E-0S  1.255E-05  6.527E-06 

. 1219 . -6.392E-QS . ,4*.l9.8£r05 . 2,3U8.t-ft5.  I.S84E-D5. . 8,2136-06 

1524  7.3156-05  5.014F-05  2.820E-05  1.945E-05  1.007E-05 


150 

1.189E-C6 
2. 6746-06 
3.661E-06 
4.656E-06 
5.748E-06 


180 

1.062F-06 
2.287E-06 
3. 1946-06 
4.120E-06 
5.124E-06 


FLIGHT  NO.  98  FILTER  NO.  4 

PATH  RADIANCE  FROM  GROUND  TO  ALTITUDE! WATTS/STER.SQ.M  MICRO  M.) 


ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

95 

100 

105 

120 

305 

610 

914 

1219 

1624 

150 


180 


FLIGHT  NO.  98  FILTER  NO.  5 


PATH  RADIANCE  FROM  GROUND  TO  ALTITUDE (HA TTS/STER. SO. M  MICRO  M. ) 
ALTITUDE  ZtNIIH  ANGLE  OF  PATH  OF  SIGHT  "(DEGREES) 


METERS 

93 

9!> 

100 

10S 

120 

150 

180 

305 

2.738E-05 

1.590E-05 

8.052E-06 

5.334E-06 

2.682E-06 

1.658E-06 

1.541E-06 

610 

4»_0Q2£-O5 

2.9616-05 

1.554E-05 

1.043E-05 

5.335E-06 

3.333E-06 

3. 103E-06 

914 

6.321E-05 

4. 130E-05 

2.244E-05 

1.522E-05 

7.805E-06 

4.808E— 06 

4.464E-06 

. _121.9. _ 

7,7696.-05 

5.3906-05 

3.044E-05 

2.091E-05 

1.079E-05 

6.552E-06 

6.047E-06 

1524 

9.188E-05 

6.688C-05 

3.906E-05 

2.712E-05 

1.409E-05 

8.510E-06 

7.894E-06 

0 


AZIMUTH  Of-  PATH  UF  SIGHI  =  _ 

FLIGHT  NO.  98  F ILTERNQ.  1 

. fiIA6mQH*L.P.AIH.MFLECT.ANCE..FHOM_GB.qyND..TO^LT.nUOe__ 

ALTITUDE  ZENITH  ANCLE  OF  PATH  OF  SIGHT  (DEGREES) 


METERS  9J  95  100  105 

305  i. 7506-01  8.895E-02  4. 044E-02  2.561E-02 

_ 610  3. 9426-01*  1.88BE-01  8.192E-02  5.123E-02 

914  7.036E-01  3.134E-01  '  1.295E-01  7.97&E-02 


121.9  U2S>H  PQ  5.066E-01  1.961E-01  1.184E-01 

1524  2.201  E  00  7.712E-01  2.762E-b‘i  1.626E-01 


120 

1.1*988-02 

2.387E-02 

3.672E-02 

5.339E-02 

7.1241-02 


150 

6.8356-03 

1.3876-02 

2.1346-62 

3.C60E-02 

3.977E-02 


180 

6.5136-03 
1.3566-02 
2.097E-02 
2.9766-02 
3. 808E-02 


FLIGHT  NO.  98  *  FILTER  NO.  2 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 
ALTITUDE  . ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


MtTtRS 

93 

95 

100 

105 

120 

150 

ieo 

305 

i.'256E-0T" 

6V46  IE-0'2 

2.9*626-02 

1.879?-02 

8.8176-03 

5 . 1096—03' 

5.0556-03 

olO 

2. 7006-01 

1.329E-01 

5.882E-02 

3.699E-02 

1.734E-02 

1.0176-02 

1.0096-02 

914 

4.661E-ii*i  * 

2.168E-01 

9.215E-02 

5.728*6-02 

2.660E-02 

1.5576-02 

1.518E-0? 

1219 

8.240E— 01 

3.507E-01 

1.A08E-0) 

8 ■ 600E-02 

3.928E-02 

2.2796-02 

2.2226-02 

1524 

1.394E00 

572966-01 

1 .9896-01 

1.189F-01 

5.299E-02 

3.0246-02 

2.9366-0? 

FLIGHT  NO.  98  FILTER  NO.  3 

DIRECT  ZONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 
aVtITUOE  7ENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES! 

_  JSfctfcRS  93  95  100  105  120  150  180 

305  '  V.  625  £-0*2  5.033E-02  2.341E-02  1.492E-02  7.008E-03  5.046E-03  4.0726-03 

_ 610  2.066F-Q1  1.0S5E-01  4jJ99E-02.  3.046E-02  1.437E-02  8.475E-03  8.840E-03 

914  3.201E-01  ’  1.590E-01  7.07’8E-02  4.461E-02  2.090E-02  1.223E-02  1.245E-0? 

. 1219 . -4^746t-01  2.262E-0.1 . .9.779E-0.2 . 6^10.51-02  2.825E-02  1.630E-02  1.623E-02 

1524  7.011F.-01  3.1496-01  1.309E-01  8.062E-02  3.664E-02  2.075E-02  2.042E-02 


FLIGHT  NO.  98  FILTER  NO.  4 

_ Plg.ECTlflMAL-gATH-AEf-L£CIjiNOE— FAQH-£R0-UNJ}..TP-.A1T1.TU.DE — 

ALTITUOE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

M£lfR§  93  95  100  105 

305  . 

_ 610 _ 

914 

. 1219.... 

1524 


FLIGHT"  NO.  98  ~  ’  ’"FILTER  NOV’5 
DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  AL T I TUDE 


ALTITUDE 

ZENITH  ANGLE 

'OF  PATH  OF 

'S'lGHT  (UEGR¥ESr* 

METERS 

93 

95 

100 

105  120 

150 

180 

305 

1.2926-01 

6.6456-02 

3.051E-02 

1.94CE-02  9.161E-03 

5.357E-03 

5.2466-03 

610 

2. 9036-01 

1. 4246-01 

6  •  294E-02 

3.960E-02  1 . 859E-02 

1.O90E-02 

1.070E-02 

914 

4.939E-01 

2.2906-01 

9.717E-02 

6.0366-02  2.795E-02 

1.6186-02 

1.561E-0? 

1219 

8.4826-01 

3.605E-01 

1.446E-01 

8.819E-02  4.001E-02 

2.2716-02 

2.1516-02 

1524 

1.459E  00 

5.525E-01 

2.066E-01 

1.2301-6;.  5.427E-02 

3.0206-02 

2.8586-02 

AZIMUTH  OP  PATH  Of  SIGHT  ■  90 _  _ 

"  r'HiicHT  ho.  98  FiTTfirssrx 

. JllAEtTiQK4kJ*TH_AEfAKTANCE..FRM.SAp.yMD:JJ..AXJ.UUOE.._ 

ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

_ .MfTER.5. . 92. . .95  . .100 . .105 . 


305  1. 660E-01 

oiO _ 1*75.^6-01 

914  6.7916-01 

1219  .  1.2256  00 

1524  2.1256  00 


8.479E-02 

1.817E-01 

3.0346-01 

4.9236-01 

7.4716-01 


3.898E-02 

7.9596-02 

1.263E-01 

1.9166-0} 

2.6946-01 


2.497E-02 
5. 0276-02 
7.847E-02 
1. 1656-01 
1.598E-01 


120 

1.2106-02 
2.408E— 02 
3.6986-02 
5.3596-02 
7.1396-02 


150 

7.255E-03 
1.453E-02 
2.220E-02 
3.157E— 02 
4.091E-02 


ISO 

6.583E-C3 
1 .3866-02 
2.C97E-02 
2.976E-02 
3.808E-02 


‘  FLIGHl"  NO.'  98 .  FILTER  NO.  2 

QIRtCl  IONAL  PATH.  REf.LECTAN.C6.  FROM.  £.RCUNO__TS__AinTliDE_. 


.  .  wii'tw  '  tviT>?h.  .r/’i*'.  _ _ _ _  ...  -  — — >.  .  - 

AL TI  rui.'fc  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

..  .  METfcKS. _  91 . .95  _ .100.. . 1Q.5. . .  _.1?A  .  150  .  180 

>.!,5  1.1 89::— 0 1  6.152E-.  2.8A4E-C2  1.845E-02  9.410E-03  5.539E-03  5.055E-03 

.510  .  . 0.29.1.6-01 _ 1 .28.16-09  _S*mF.-«_ _ 3*ftS 3&?Sa _ J*788Er0.2  1.077E-02.  .  1.0096-02 

14  4.323t-01  2.1086-01  9.0286-02  5.659C-02  2.703E-02  1.622E-02  1.528E-02 

....  121.9 . S.OQfErOl _ 3.4156-0)  ..1.3805-ftl..  ..  8..495_6.-02...  ._3.951E-02 . 2.355E-02 . 2.222E-02 

l9?4  1.3376  00  5. 1056-0  *  1.917E-01  1.16BE-01  5.314E-02  3.133E-02  2,9366-02 


FLIGHT  .SO.  98  FILTER  40.  3 

DIRECTIONAL  PATH  R6FltCT ANCt  FROM  GROUND  TO  ALTITUDE 
ALT  I  fUi.'E  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 

METERS  93  95  ICC  105  120  150  180 

3  5  9.1446-02  4.8046-02  2.2576-0?  1.454E-02  7.025E-03  4.235E-03  4.0726-03 

t>10  2.00_6fc-0l_  1.0276-01  4.703E-C2  _  3.006E-02  1.441E-02  B.778E-03  8.8406-03 

914  3. 1186-01  1.5536-01  6.954E-02  4.4126-02  2.097E-02  1. 2576-02  1. 2456-02 

. 1219. . ,4.6111-01 _ 2^20.61-01..  9,4036-0.2 . 6..03.9E-02  2.841E-C2  1.673E-02  l,.623E-p2 

1524  6.670E-01  3.015E-01  l. 2676-01  7.3736-0?  3.656E-02  2.1306-02  2.042E-02 


“FLIGHT  NO.  98  FILTER  NO.  4 

QIRECTIUNAL  PATH  REF.L1CT ANCE  FROM  GROUNO  TO  ALTITUDE 


ALTITUDE 

ZENITH  ANGLE  OF 

PATH  OF  SIGHT 

(DEGREES) 

METERS 

305 

610 

914 

1219 

1324 

93 

95 

ICO 

105 

150 


180 


FLIGHT  NO.  98  'FILTER  NO.  5 

DIRECT  10 N  A L  PA T.H.  REFLECT  ANCE  .FROM  .GROUND  TO.  ALTITUDE. 


.Tiruoe 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

95 

100 

105 

120 

150 

180 

305 

1.2466-01 

6.431E-02 

2.975E-02 

1 .9076-02 

9. 1886-03 

5.511E-03 

5.246E-03 

<sio  . 

2.8.191-0  L_ 

.  1.3876-01  . 

6. 171E-02  3.912E-02 

1. 870E-0? 

1 • 121E-02 

1.070E-02 

914 

4.8286-01 

2.242E-01 

9. 561E-02 

5.974E-02 

2.806E-02 

1. 6516-02 

1.561E-0? 

1219 

0.2521-01 

3.5166-01 

1.418E-01 

8.702E-02 

4. 003E-02 

2.307E-02 

2.151E-02 

15  24 

1.3936  00 

5.320E-01 

2.011E-01 

1. 2096-01 

5.449E-02 

3.108E-02 

2.858E-02 

AZIMUTH  OF  PATH  OF  SIGHT  «  180 

TTT5HT  no.  98  fTlter  no.  t 

_ .OJRSCLIONAt  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 

ALTITUDE  *¥enI¥h' ANGL'e'OF" ' PATH- OF  SIGHT'  (DEGREES) 


METERS 

93 

95 

100 

105 

120 

150 

180 

305 

1.607E-01 

8. 237E-02 

3.819E-02 

2.4’68E-02 

1.2 17P-02 

7.295E-03 

6.5*36-03 

610 

3.684E-01 

1.775E-01 

7.823E-02 

4.9766-02 

2.4226-0? 

1.465F-02 

1.3566-02 

914 

6.645E-01 

2.9736-01 

1.244F-01 

7.779F-02 

3.7176-0? 

2.238F-02 

2.0976-0? 

1219 

1.209k  00 

4.8571—01 

1 • 8976-01 

1. 1586-01 

5. 3836-02 

3.177F-02 

2.9766-0? 

1524 

2.102E  00 

7.3916-01 

2.672E-01 

1.591E-01 

7.168F-02 

4.1186-02 

3.808E-0? 

FLIGHT  NO.  98' 

FILTER 

NO.  2 

DIRECTIONAL 

PATH  REFLECTANCE 

FROM  GROUND  TO  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (OEGRFES) 

METERS 

93 

95 

100 

1  C5 

120 

150 

160 

305 

1.154E-0I 

5.99  IE-02 

' . 8106-02 

1.824F-02 

9,049t-03 

5.493F-03 

5.055E-03 

610 

2.522E-0I 

1.2606-01 

5.629E-02 

3.605E-02 

1.766F-02 

1.077E-02 

1 .0096-0? 

914 

4.436C-01 

2. 0706-01 

8.908E-0 2 

5  •  614E-02 

2.697F-0? 

1 .625F-02 

1.5Z8E-02 

1219 

....7  it?  30L-01 

3.381E-01 

1 .3706-01 

8.4556-02 

3. 9666-02 

2.3566-02 

2.222F-02 

1524 

1.322E  00 

5. 051E-01 

1.919C-01 

1.1606-01 

5.323E-02 

3.1 18E-02 

2.936F-0? 

FLIGHT  NO.  98 

filter' 

NO.  3 

- . QIREC  1  IUNAL 

PATH  REFLECTANCE 

FROM  GROUND  ID  ALTITUDE 

ALTITUDE 

ZCNI1H  ANGLE 

OF  PATH  OF 

SIGHT  (DEGPfES) 

— - JiEIERS. _ <)X 

95 

too 

105 

1 20 

15., 

180 

305 

9.332E-02 

4.940E-02 

2.365E-02 

1.5491.-02 

7.686E-03 

4.4886-03 

4. 0726-03 

- -  -610  - 

_ 2*007  tr-Ul 

1.078E-Q1 

5.054t-02 

3.3C0E-C2 

1. 6456-02 

9.650E-03 

8,8406-03 

914 

3.171E-01 

1.5936-01 

7 • 2786-02 

4.703E-02 

2.3146-02 

1.3551  -02 

1. 245E-0? 

. ms. 

-  ..,.4*6  93  £,-01 

2.259E-QI 

9.9Z7E.-02 

6. 3576-02 

3.069E-C2 

1.774E-02 

1.6236-02 

1524 

6.829E-01 

3.096E-01 

1.3 146-0 l 

8.251E-02 

3.907F-02 

2.236E-02 

2.0426-0? 

--  — 

FLIGHT  NO.  98 

F1LTTR 

NO.  4 

DIKECI IONAL 

PATH  REFLECTANCE 

FROM  GROUND  TO  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

.  -METERS. 

93 

95 

100 

)  05 

120 

150 

1B0 

305 

_ 6JjO_ 

914 

_ 1219- 

1524 

FLIGHT  NO.  98 

FILTER 

NO.  5 

DIRECT IONAL  ! 

PATH  REFLECTANCE 

FROM  GROUND  TO  AITITUOF 

ALIITUUE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

9  3 

95 

100 

1C5 

)  20 

150 

180 

305 

1.204E-01 

6.234E-02 

2.907E-02 

1 • 879E-02 

9. 2256-03 

5.590F-03 

5.246E-C3 

610 

2.738E-01 

_ lj.3Ali.-0A _ 

6.0506-02 

3.862E-02 

1 • 877E-0? 

1.136E-02 

1 .070E-0? 

914 

4.731E-01 

2.2006-01 

9.425E-02 

5.919E-02 

2.818E-02 

1.670F-02 

1.561E-02 

.  12.19. 

8.156E-01 

3.475E-01 

1.405E-01 

8 .6536-02 

4.019E-02 

2.327E-02 

2.151E-02 

1524 

1.37SE  00 

5.245E-01 

1.988E-01 

1.I99E-01 

5.452E-02 

3.113F-C2 

2.858E-02 

AZIHUTJT  Of  PATH  OF  SIGHT  *  P/C 

FLIGHT  NO.  96  FILTER  NO.  I 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 
ALTIIUOE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREESI 


METERS 

93 

95 

100 

105 

120 

'05 

1.7046-01 

8.71oE-02 

4.C23E-0Z 

2.5816-02 

1.239E-02 

010 

3,‘)lu.tL~01 

1..840E-01 

8.097H-0.2 

5.125E-02 

2. 4586-02 

914 

6.8096-01 

3.050E-01 

1. 2761-01 

7.9516-02 

3.766E-C2 

1219 

1.2386  00 

4.9761-01 

1.9416-Gl 

1.1816-01 

5.441E-02 

1524 

2. 15oE  00 

7.5756-01 

2. 7346-01 

1.6216-Ot 

7.240E-02 

ISO 

7.148E-03 
1 .465E-02 
2.255E-02 
3.192E-02 
A . 1336-02 


180 

6.583E-03 
I. 3546-02 
2.097E-02 
2.976F-02 
3.808E-02 


FLIGHT  NO.  98  FILTER  NC.  2 

DIRECTIONAL  PATH  REFLECTANCE  FROH_GROUND_ TO  ALTITUDE 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


...M6JER5_. 

.  -93 

95 

100 

1C5 

120 

305 

1.182E-01 

6.111F-02 

2. 842E-02 

1.8276-02 

8.877E-03 

610 

_2.._567J-01 

1.269E-01 

5.690E-02 

3.622F-02 

1.754E-02 

914 

4.511E-01 

2.1026-01 

9.008E-02 

5.648E-02 

2.686E-02 

1219 

8.0976-01 

3. 44 46-01 

1.388E-01 

8.5246-02 

3.954E-02 

1524 

1.363b  00 

i.  184t  -01 

1.956E-01 

1.1756-01 

5.314E-02 

150 

5.306E-03 
I.C65E-02 
1.61 IE— 02 
2.334E-02 
3.084E-02 


180 

5.0556-03 

1.009E-02 

1.5286-02 

2.222E-02 

2.936E-02 


FLIGHT  NO.  98  FILTER  NO.  3 

DIRECriUNAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 


ALTITUDE 

ZENITH  ANGLE 

OF  PATh  OF 

SIGHT  (DEGREES! 

__  .  MEJfcRS 

-  -  .  93. 

95 

100 

105 

120 

160 

180 

305 

9. 6636-02 

5.U6E-02 

2.4546-02 

1.6096-02 

B.006E— 03 

4.5656-03 

4.072E-03 

610 

_2«334.t-0JL 

i.mt:-ojL„_ 

_5„.75,5£-02 

.  3a7?6E-02 

1.910E-02 

1.036E-02 

6.8406-02 

914 

3.473E-01 

1.753E— 01 

8.100E-02 

5.274E-02 

2.612E-02 

1.433E-02 

1.245E-02 

1219 

,  5.043E-0A 

2.4356-01, .  . 

IjlORAE-CU 

6.939F.-C2 

3.3586-02 

1.8456-02 

1.623E-02 

1524 

7.2842-01 

3.313E-01 

1.4146-01 

0.9O1E-O2 

4.212E-02 

2.308E-02 

2.042E-02 

FLIGHT  NO.  98 

FILTER 

NO.  4 

DIRtCTIUNAL 

PATH  REFLECTANCE 

;  from  ground  to  altitude 

ALTITUDE 

Z6NI1H  ANGLE 

of  path  of 

SIGHT  (DEGREES) 

METERS 

I /.C 

.  ..  93  . 

95 

loo 

105 

120 

ISC 

18C 

‘J  J 

olQ 

914 

1219 

1824 

FLIGHT  NO.  93 

FILTER 

NC.  5 

DIRECTIONAL 

PATH  REFLEC1 ANCt 

FROM  GROUNO  TO  ALTITUDE 

ALTI  lU  iE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

93 

53 

IOC 

1C5 

120 

150 

180 

305 

1. 2216-01 

6.3176—02 

2.9416-02 

1.894F-02 

9.2686-03 

5.657E-03 

5.2466-03 

_ 610. 

_  2.775E-01 

1.3c98-C l 

6.1246-02 

3.8992—02 

1.892E-02 

1.155E-02 

1.C70E-02 

914 

4.814E-01 

2.237E-01 

9.571E-02 

5.9976-02 

2.846E-02 

1. 6936-02 

1.5616-02 

1219. 

8.3306-01 

3.54  5L-01 

1.432E-01 

8.799C-02 

4.072E-02 

2.352E-02 

2. 151E-02 

1524 

1.4206  00 

3. 396E-0 1 

2.036c— 01 

I.222E-01 

5.507E-02 

3.118E-02 

2.858E-02 

6-153 


FLIGHT  99 

Full  moon.  This  flight  was  made  approximately  60  km  east  of  Khorat.  The  terrain  was  relatively  flat 
and  forested  with  deciduous  trees  and  rice  paddies.  During  this  season  (dry  season)  the  tree  foliage  was 
sparse,  dry,  and  yellowed  and  the  rice  paddies  between  the  trees  were  dry.  There  were  a  few  artificial 
ground  lights.  Particularly  near  the  ground  the  atmosphere  was  hazy  and  there  were  some  cirrus  clouds 
remaining  after  a  local  thunderstorm  had  dissipated.  Data-takmg  started  at  2039  local  time  and  ended  at 
2306.  The  moon  phase  angle  was  2°;  the  moon  zenith  angle  was  54°  at  the  start  of  sky  radiance  data-taking 
and  30°  at  the  end. 


ALTITUDE 

OGwN- 

FLIGHT  40.9-) 

IRRADlANCc(WATTS/SG 

UP 

FILT-R  NO.  1 
•M.NIC°0  M») 

SCALAk 

SCALAR 

SCALAR 

SCALAR 

(METERS) 

WELLING 

WELL  IMG 

ALbLGO 

DOWNWELLING 

UPWELL1NG 

TOTAL 

albfoo 

225 

1.665t-03 

4.757E-C5 

•  G‘>  ) 

3. 242i — 03 

2 .959L-04 

3. 5381-03 

.091 

527 

2.561E-03 

1.670C-04 

•  06S 

4.905E-C3 

4.903: -C4 

5.396i--C3 

.100 

M4 

2.589t-03 

2.349E-04 

.091 

4.651E-03 

6  #4101-04 

5.2926-03 

.138 

1123 

2.646E-03 

2.471E-04 

.093 

4. 5776-03 

7.019E— 04 

5. 2796-03 

.153 

l4ol 

2,534£-'03 

2.799E-C4 

.110 

4.3  70L— G3 

6. 144E-C4 

5.185E-C3 

.186 

1748 

3.0-  .-03 

3.524E-04 

.  lio 

4.9426-03 

9.6986-04 

5.912c-03 

.196 

ALTITUDE 

DOWN- 

FL 1 THT  NO. 99 

...  JARAOUttCE.(.«>TtS/SU 
UP- 

FILT6°  NO.  2 
.M. MICRO  M.  ) 
SCALAK 

SCALAR 

SCALAR 

SCALAR 

1MEIERSJ 

..  HSULING. 

WELLING 

albedo 

OOWNWEU1NG 

UPWELL1NG 

TOTAL 

ALBEDO 

225 

1.606E-03 

1.397E-04 

.037 

3.129E-03 

3.7296-04 

3.502e-C3 

.119 

5 H _ 

l»942E-0.3 

_ Haifl£.-fl4 

....071 

J.t82E-03_ 

4. 184E-C4 

4.1C76-C3 

.113 

815 

2.753E-03 

2.088E-04 

.076 

4.833E-03 

6.102E-04 

5.443E-03 

.126 

1123  — 

2.6485-03. 

-Z.7Q.9E.tO.4_. 

.....102. 

-4.574.t-03 

7.544t-04 

5.329L-C3 

.165 

1462 

2.9676-03 

3.391E-04 

.114 

4.9416-03 

9.271L-04 

5.868F-C3 

.188 

124^... 

-2.466i.T33 

3.8Q7£t0.4  , 

_ .154 

.4.18QE-03. 

1.012fc-03 

5. 192C-C3 

.242 

ALIUUDE 

DOWN- 

r-LiVim  nu.55  . 

IRRAUIANCEI WATTS/ SO 
UP- 

riu..".  3 

.H. MICRO  M.l 
SCALAR. 

SCALAR 

SCALAR 

SCALAR 

<M6T;RS! 

WELLING 

WELLING 

ALBEDO 

DOWNWELLING 

UPWELLING 

TOTAL 

ALBEOO 

226 

1.8611-33 

2.1a5E-Q4 

.Ho 

3.5901-03 

— 5.158E-04 

4. I06E-C3 

.144 

528 

,'.579>--03 

2.1566-04 

•  084 

4.495E-03 

5.337E-04 

5- .0296 -03 

.119 

8Lo 

2.25U-03 

3.vj52E-04 

..U6 

4.031E-03 . 

.  .7^2Ut-04 

4.7526-03 

.179 

1131 

2.7446-03 

3.1306-04 

.114 

4.6476-03 

7.595E-04 

5.4076-03 

.163 

1462 

3.025t-03 

3.6106-04 

.119 

4 ■ 928t-03 

8.952E-04 

5.8236-03 

.182 

1749 

2.217L-03 

3.4376-04 

.155 

3.8186-03 

9.001E-04 

4.718L-03 

.236 

FLI1HT  NO. 99 

FILTER  NO.  4 

IRRAOIANCEIWATTS/SQ 

.M. MICRO  M.) 

ALT’ TUUE 

OUWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

IMLT=PSJ 

WELLING 

WELLING 

ALBEDO 

DOWNWELLING 

UPWELLING 

TOTAL 

ALBFOO 

225 

1.215'"-  )3 

2.655-— 04 

.218 

2. 4327-03 

5 • 938E-04 

3.0256-03 

.244 

528 

.  l«973t  -03 

3. 0246-04 

.184 

3.465E-03 

8.361E-04 

4.3016-C3 

.241 

817 

1<933C-J3 

4,7  ■»8C-04 

.246 

3. 3126-C3 

1.0706-03 

4.3826-03 

.723 

1131 

2.125t-J 3 

5.  *,  3 76—04 

.256 

3.5346-03 

l . 184E-03 

4.719  -C3 

.335 

14^2 

1.61PC-03 

5. 1301 -04 

.31'* 

2.8116-03 

1 • 1396-03 

3.95CI-C3 

.405 

)  750 

1. 8706-03 

5. l62fc-04 

.  27o 

3. 1276-C3 

1.143E-03 

4.269  >03 

.365 

ALTITUDE 

DOWN- 

FLIGHT  NO. 99 

!KPAJIANCE(WATTS/SO 

UP- 

F1L  I-  NO.  5 
•  M.MIC°D  ** .  1 
SCALAK 

SCALAR 

SCALAP 

SCALAR 

(MrTcRSl 

WELLIN', 

W  -  LL  IN., 

AL9CD0 

DOWNWELLING 

UPWELLING 

TOTAL 

ALBEDO 

2/5 

I. 7831-03 

1.620E-04 

.091 

3. 316E-03 

3.614E-04 

3.677.  -C3 

.109 

5  '7 

!  .  96  *'  r—  j  1 

2. ’ *96-34 

.163 

3.683E-03 

5.4696-04 

4.235E— 03 

.148 

ei5 

,U3u'>--''3 

7.181c  -64 

_.  A0-?/.. 

4,  IV* 6-0 3 

6. 352^-04 

4.755E-C3 

.154 

112* 

2.562’  -'1 1 

3.1956-04 

.125 

'4.372E-03 

8.626E-04 

5.234C-C3 

.197 

1461 

2.2426-03 

2. 8951.-04 

.12'* 

>929—03 

8.434E-04 

4.7732-03 

.215 

1743 

2.59  It -J3 

1.4 186-04 

.132 

4.315E-03 

8. 9766-04 

5.2121 -03 

.208 

FLIGHT  40.  99 


4'IMUIT'  l.i 
PI  llrf. 

*«.l>  x.F  SIGHT  *  '• 

ri’j?jAi  hfflectancc  cf 

CALKC-idlNC 

2LM  IH 

ANCLk 

1 

ULTFkS 

•> 

5 

•I 

93 

.5243? 

.54653 

•  3  14  32 

.35037 

95 

.33287 

•  3 1 7  M 

.2 2109 

.75550 

1  JO 

.11570 

-  1  W.'l 

•CfcCil 

.17293 

I  :s 

.07/24 

.11101 

.07675 

.12993 

120 

.05796 

.07*11 0 

•  Cb94  7 

•  1 1668 

150 

.05207 

•05?4* 

.0/5/3 

.06632 

1  <0 

•  047  t  2 

• OlbC u 

.C  066  7 

.04678 

FI  I. .HI  NO.  99 

A'IHUTH  or  P..H-  i;F  SIGHT  •  50 

OIRLCTIONAL  rtkFlf.CTANCE  CF 

eACKG'.OUNC 

?>f  rn 

ANCLE 

1 

ULTCAS 

; 

3 

3 

.  ^  Ij  J  ^  / 

. 18  ICO 

•23142 

• 147C 1 

*>•> 

. 1 5aj i 

.13739 

.13599 

.14516 

1 00 

.35023 

.13418 

. C  89 1 1 

.IW2 

\*b 

.J6')7'' 

.08421 

.C /230 

.09029 

120 

.0647; 

.07867 

.C515J 

.14565 

i*C 

•  5  Vy  7  4 

.05731 

.08413 

.07065 

1  tu 

.04712 

•0760t 

•C8667 

.04676 

FLIGHT  \C.  95 

A2IPUIM  CF  iV.ll;  .F  SIGHT  ■  lm; 

012.2C.T  IiJNAL  FGFLlCT ANCE  CF 

bACKCf  OL.'.L' 

Zfc.'.l  IH 

f  UT>  95 

A.'iGlt 

1  ;/ 

7 

3 

73 

.<".W  .21196 

.17623 

■ ! 6414 

95 

.  1 3o2.;  .1503. 

.11633 

.15043 

100 

.10)31  .130,7 

.07454 

.22795 

lui 

.j/jU  .14131 

•  C  7  6  4  1 

.19630 

1  20 

.07':.  .12313 

.13429 

.19781 

no 

.054,6  .11326 

•CV262 

.09722 

180 

.04717  .07605 

•06667 

.04678 

FLIGHT  GO.  99 

AZIMLTb  CF  PAT h  OF  SIGHT  .  IT, 


C,1»I  r.TIONAL  8».FL5CTANCt  OF 

OACKCOCfiP 

2EMTH 

F  UToRS 

ANCLE 

l 

1 

4 

■< 

4  3 

..'■■4  13,1 

1 2  7  3  1  2 

.  1  5o6/ 

•2C9f2 

6*1 

.  1  /  4  •)  7 

.17793 

.12244 

.14799 

100 

.,•8  3 

.ice  <■> 

.  C  C  7  4  4 

. 14381 

ll.'4 

•  CO 8  i7 

.0937) 

•  06  6  to 

.13277 

1  20 

.051 1 o 

*0790- 

.C99C.7 

.13022 

1)0 

.05708 

.080  70 

.069)9 

.07527 

no 

.04712 

.C76C6 

.CE667 

.04678 

6-157 


DATE  40269  "FLIGHT  NO.  99 


GHOLTNO' L EVEL’ ' ALT ITUOE  (  H.l»  237 


IUP«l 


ALT I Tout 

TOTAL 

SCATTERING  C'OEFFIC'ieHTXPER  HeTERl 

INETERE 1 

FILTERS  l 

7 

3  * 

5 

0 

6.3l9fc-)5 

4.666P-0S 

3.2696-05  *' 

5.1506-05 

iO 

6.2981-05 

4.65C6-05 

3.2586-05 

5. 132E-05 

61 

6. 277E-05 

4.6356-05 

3.2476-05 

S.U5E-05 

91 

6.2561—34 

4.6196-05 

3.2366-05 

5.0986—05 

122 

6.235..-05 

4.604E-C5 

3.225E-05 

5. 081 £-05 

162 

6*  2 1 5r— C 5 

4.t>8  9E-05 

3.2156-05 

5.064E-05 

1H3 

6. l94fc-05 

4.5736-C5 

3.2046-05 

5. 048E-05 

21 J 

6.1732-05 

4.5586-05 

J. 1936-05 

5.0316-05 

.'44 

5. 9426-05 

4.5436-05 

3.1546-05 

5.102E-05 

2  74 

5.9806-05 

4.6176-05 

3.1206-05 

5.1926-05 

305 

6. 1926-05 

4.5016-05 

3.1636-05 

5.1946-05 

335 

6.269—05 

4.3776-05 

3. 1486-05 

5.190E-05 

366 

6. 2166-05 

4.3296-05 

3.1326-05 

5.I43E-05 

396 

6.0)9r-.5 

4.1586-05 

J.  1016-05 

5.002E-05 

427 

6«02Dc.**Ca5 

4.1276-05 

2. 902E-05 

4.902E-05 

457 

5.987c-05 

4.2CK-C5 

2.33C6-C5 

4.966E-0S 

486 

5.549t-05 

4.349E-C5 

7.8286-05 

4.9876-05 

. 

5.2936-05 

4.3446-CE 

?.  856005 

4. 615E-05 

549 

4.0206-05 

4.4056-05 

2.8436-05 

4.415E-05 

579 

5.2236-05 

4.6636-05 

2.8/46-05 

4.376E-05 

610 

5.2826-05 

4.8376-05 

2.8306-05 

4.459E-05 

640 

-J.t5i.96  7  05 

5.30J6-G5 

2.9086-05 

4.551E-05 

o7 1 

5.6096-05 

5.9256-05 

2.9496-05 

4.6676-05 

. /.0X_„ _ 

5.7146-05 

6.1666-05 

3.1706-05 

4.9256-05 

73? 

6. 1396-05 

6.180E-05 

3.6566-05 

4. 785E-05 

_ .7  *2 . 

.6*2*2  6-95 

6.288E-05 

3.7766-05 

4.658E-05 

792 

6*  238r:-05 

6.3436-05 

3.9566-05 

4.585E-05 

_ JLZ3 _ 

_6jJ356-05. 

._  .6.2266-05 

3.9306-05 

4. 576E-05 

653 

6.046t-2S 

7.0266-05 

3.3)96-05 

4.559E-05 

_ aa4 _ 

..5*92411“  05 

„  .  J •225tr.CH. 

.J.  8856-05 

4.589E-05 

914 

5.9196-05 

7.301E-05 

3.8906-05 

4.590E-05 

....  945  .... 

.5*8.976.-05, 

6.8116-05 

3.8506-05 

4.586E-05 

9  7!. 

6.1866-05 

6.6566-05 

4.  1476-oS 

4.5926-05 

.  U06 

.6.3291. -15 

6.6976-05. 

.  .  .4.9026-05 

4.5596-05 

1036 

U.C51>05 

A.5846-C5 

5.6076—05 

4. 8986-05 

_ 1067..... 

3.1216-05 

7.4176-05 

5.0376-05 

4.6176-05 

1097 

6. 4C 76-05 

7.2226-05 

4.4456-05 

4. 8626-05 

1128 

6.9052—15 

7. 4466-05 

4.1176-05 

4.8696-C5 

1158 

7.4936-u5 

o. 7116-05 

4.1476-05 

4.8776-05 

1189 

8.5362-05 

6.6866-05 

4. Cl9c— 05 

4.8966-05 

1219 

9.  1516-05 

6.2336-05 

4.1466-05 

5.0346-05 

12aC 

8.7836-05 

6.0876-05 

3.019/-.-C5 

5.3506-05 

122.0 

8.4456-05 

5.8606-05 

3.6566-05 

5.486t-05 

1311 

8. 1726-05 

5.8706-05 

3.347t-05 

5.54CE-05 

1141 

8.451 6—05 

5.2276-05 

3.3686-05 

5.6166-05 

137? 

7.6076-05 

4.969E-05 

3.3G2F-U5 

5.449E-05 

14  J? 

6.66U-05 

5.0796-05 

3.2606—05 

5.3406-05 

1433 

6.3082-05 

5.3976-05 

3.2486-05 

5.3796-05 

1463 

6.8>*3l.-05 

5.4776-05 

3.1366-05 

5.5566-05 

1494 

6.4296-05 

4.9996-05 

3.166F-05 

5.4096-05 

1524 

6.055E-0  -> 

3.1666-05 

5.399t-05 

1554 

9. 7J36-05 

4.0916-05 

3.220E-05 

5.4941.-05 

15«5 

5.7026-05 

4.0696-05 

4.2166-05 

5.5986-06 

1615 

5. 6526-05 

5.113C-05 

3.2016-C5 

5.691t-05 

1646 

5.7776-05 

5. 2156-05 

3.2026-05 

5.7986-05 

14  76 

5.7826-05 

5.1036-05 

3.20U/--05 

5.942F-05 

1  707 

5.8325-05 

9.0356-05 

1.2436-OS 

5.9986-05 

1737 

5.8701-05 

9.0196-05 

3.2706-05 

6.1176-05 

1768 

"j*  tf*  1  r*05 

5.0016-05 

3.2506-05 

6. 338C-05 

1798 

5.7816-05 

4.9856-05 

3.2486-05 

6.3176-05 

1879 

5. 7&26-05 

4.9636-05 

3. 2386-05 

6.2966-05 

FIRST  OAT  A 

ALT 

•  U 

9 

?  8 

fj 

LAST  DATA 

ALT 

.  59 

47 

58  59 

*9 

HIOHT  NO.  98  FILTER  NC. 

IPANSNITTANCE  FNOH  GROUND  T<1  ALTITUDE 


al  r  r  rut.E 

ZENITH  ancle 

OF  PATH  OF 

5 IGHT  IDFC'EES) 

y.  »L«b 

"  3 

on 

109 

ICS 

1 20 

150 

ICC 

»:;5 

•  o')‘)j<75  t 

. 80556 79 

.6971582 

.9297767 

.9630117 

.9/84749 

.9813316 

...  1 0 

.59  !  191)2 

.n'.922o9 

.9112620 

. 8b9C827 

.9299417 

.9589322 

.9643348 

■UA 

.34^74  3  3 

.5359132 

.7311393 

.81C5395 

.8969703 

.9391531 

.9470851 

12  19 

.221529 J 

.51  75230 

.6650056 

.7451289 

.8587408 

.9158308 

.9266827 

15  >4 

.13 . 17’9 

. 33 C 21  a 9 

.5651803 

.6819251 

.8202296 

.8918886 

.9056653 

fi  r- 

E.HT  MG.  99 

filt.m. 

NO. 

2 

of  AH  TRANSMIT  TAM.--  FROM  GRUL.NU  TM  ALTITUDE 

ALTI  I UI'E 

ZLNIIH  ANGLE 

CF  PAIh  OF 

SIGH!  (CEGREl S) 

W!  Ir'RS 

i:\ 

'V, 

ICO 

103 

120 

150 

MO 

>05 

.7oJ2H6l 

.8515677 

•927577b 

•9573C10 

.9723649 

.9839505 

.986085/ 

oiO 

.5078304 

.7.H9121 

.8565811 

.8998652 

.9468485 

.9689593 

.9730614 

U4 

.  4  OP.  o4  '50 

.5  36971 

•  7o52fc  1  6 

.6357637 

.9113125 

.9477939 

.9546269 

1219 

.2638839 

.5f,1131  1 

.6780431 

. 77C5395 

.8737773 

.9250553 

.9347605 

1  S/4 

«  1 8061 5S 

.  IS j970? 

.6160912 

.7225695 

.8451708 

.9074472 

.9193317 

FL  I GMT  MO.  99 

fil  rn< 

•NO. 

1 

DEAM  TRANSMITTANCE  FilUM  gRPI 

.Ml)  ID  ALTITUDE 

ALTI IUOE 

ZENITH  ANGLE 

OF  PATH  DF 

SIGHT  (DEGREES  1 

METERS 

>3 

Okj 

100 

If  5 

120 

15.7 

1 80 

;<os 

.8282690 

•  fa-7  3014  3 

.95 52c 79 

.9629399 

.9806416 

.9887773 

.9902735 

1  IU 

.6939918 

.6062555 

.6975591 

.9300478 

.9631571 

.9785602 

.9814057 

915 

.5595988 

.7120525 

•E632t53 

.8919372 

.9425212 

•96640C1 

•9706353 

1219 

.5266025 

.6098901 

.7692175 

.8566127 

.9174172 

.9514544 

.9578190 

19  A 

. 3537055 

•55155C7 

.7350557 

.8134048 

.8986102 

.9401441 

• 94795C5 

FLIGHT  NC.  99 

FILim. 

••»0. 

4 

'M1F  TRANSMITTANCE  FECK  GRrcND  TO  ALTITUDE 

ALTI  lU.'E 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  tCEGHEES) 

KF.1i  ■!.. 

•7  3 

u  n 

IOC 

IE  5 

120 

15.' 

180 

1..J 

'714 
'21  ) 
1  3.'4 


FLIGHT  NO.  19  F  ILTi  .’.  MO.  5 

Hit  AW  TR.VNSM  TTAHCFt  KICK  CP.OUN')  TO  ALTITUDE 
Al.TIIU  F.  Z  :N I  f  H  ANGLE  OF  PATH  OF  SIGHT  ( 0 1 5 1  k  r  S  ) 


y  i  :t\:t 

1 1 

98 

100 

105 

12C 

ISO 

ISO 

.74:;  9171 

. 8  56540 i 

.9143140 

.941663? 

.9693678 

.9821983 

.9845648 

U 

.5543723 

.7762232 

.8396128 

.6854717 

.9411717 

.9656010 

.9701400 

■?r* 

.4  174  336 

.6003960 

.774C9f;9 

.f.421525 

.914912? 

.9499536 

.9565104 

i.  ?  \  m 

.31  >71 14 

.50-6317 

.7122640 

.7964035 

•R6PP383 

.9342278 

.942782? 

v*  * 

.  I'?.,-.  7  514 

.4 ■:  :oOO  i 

.6474651 

.747C340 

.8598766 

.9168300 

.9272953 

6-159 


AZIMUTH  OF  PATH  OF  SIGHT  =  0 

FLTGHT  NO. '99  F ILT!  •<  HU.  i 

PATH  RADIANCE  FROM  G-OUND  TC  AL T I TUDE ( WATTS/STER. SQ.M  MICRO  M. I 


ALTI TUUE 

ZENITH  ANGL 

UF  PATH  if* 

SIGHT  (BEGREES) 

M-TERS 

93 

95 

too* 

105 

120 

150 

1  to 

»05 

1 . 313E-04 

7.538E-05 

3.5746-C3 

2 . 197C-Q5 

8.720E-C6 

3.803E-06 

3.390E-06 

oIO 

2.631E-04 

1.604T-04 

7.861T-C5 

4.8726-05 

1.945E-C5 

8.4666-06 

7.5496-06 

3. 5526-04 

2.320t-a4 

1.192l-‘4 

7 . S20E-05 

3.078E-05 

1.3686-05 

1.2186-05 

1219 

4. 1336-04 

2.918F-04 

1.4:18) -04 

1.C25E-04 

4.3296-05 

1.972F-05 

1. 764f  -05 

1524 

4.417E-04 

3.3466-04 

1.934t-l« 

1.231E-04 

5.6041  -05 

2.620E-05 

2.3531-05 

- 

FLIGHT  NC.  99 

FILT-N 

SC.  2 

PATH  RADIANCE 

FROM  GROUND 

TO 

ALTITUDE (RATTS/ST6R. SQ.M 

MICRO  M. ) 

ALTIluOE 

ZFN1TH  ANGLE 

OF  PATh  OF 

SIGHT  (DEGREES) 

MLTcftl 

jy 

95 

IOC 

1  C  5 

120 

15C 

1>C 

3C5 

9.a9>iE-G4 

5.582L-05 

2.629L-05 

1.617E-05 

6.483E-06 

2.869E-06 

2.564E-C6 

610 

1.794E-04 

1.0726-04 

5.2186-05 

3.241E-05 

1.3136-C5 

5.817E-06 

5.1581  -06 

914 

2.98BE-04 

1.902E-04 

9.5946-C5 

6. 0166-05 

2.452E-05 

1.0846-05 

9.6026-06 

1219 

3. 798f-04 

2.6016-04 

i.3-*OE-04 

6. ->16E-C5 

3.668E-05 

1.6446-05 

1.4586-05 

1524 

4. 2176-04 

3.0426-04 

1.663E-04 

1 .096r-04 

4.688c-C5 

2.1546-05 

1.925E-C5 

-- 

FLIGHT  NO.  99 

FILTER 

NO.  } 

PATH.  .RAO IANCE 

FllOM.  vROUNO 

TO 

ALTI TUDE (WATTS/STEP. SO. M 

MICRO  M. ) 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGhT  (DEGREES) 

_ JicXERi 

. 9.3. . 

95 

100 

103 

12.. 

150 

IjO 

305 

9.153E-05 

5.0121-05 

2..  97E-05 

I.ie3c-C5 

5.282E-06 

2.214C-06 

1.9*8  -C6 

- 6J.CL. 

_ L.&71£-Q4 

J.3/9L-05 

.4.475C-05 

2.7116-05 

1.046E-05 

4.455C-06 

3.974F-06 

914 

2. 3716-04 

1.4  11)  -04 

6. 889L-r  5 

A.21BE-05 

1.649E-C5 

7.1,  66-06 

6.354.-  -06 

121a. 

- -3*Qi2t--04.. 

1.930E-C4 

9.6566-05 

6.005L-C5 

2.*-  09E-C5 

1.069c- 05 

9.4776-04 

1524 

3.4276-04 

2.2H2E-04 

1.176F-04 

7 .4106-  5 

3.0406-C5 

1. 3776—05 

1.231E-C5 

FLI 

3HT  NO.  99 

FILTER 

NO.  4 

PATH  RADIANCE 

FROM  GROUND 

TC 

ALT ITUBE (NATTS/STER. SC. M 

MICRO  M. ) 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  CF 

SIGHT  (DEGREES) 

METERS 

9-i 

95 

IOC 

105 

120 

150 

180 

305 

oio 

y  14 

121  ^ 

15*4 

FLIGHT  NO.  95  FILU”  NC.  5 

PATH  :A(jIANCE  FROM  GPOUNC  TO  ALT  I  TUBE ( KA TT5/STER. SC.K  MICRO  M.  ! 
ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


METlFj 

T3 

95 

too 

1C5 

120 

150 

IOC 

70S 

1 .0786-04 

6.111 F-C  5 

2.900F-05 

1.78BE-05 

7.325F-06 

3.413E-06 

3.082E-C6 

fiO 

1,9126-04 

1.147E-U4 

>. 710E-05 

3.572E-05 

1.4836-05 

6.882E-06 

6.2116-06 

•<14 

2.60 iE-04 

I*6u2c-C4 

8.45ME-05 

5.347E-05 

2.233E-05 

1.029E-O5 

9.243L-B6 

1  ’(9 

3.170E-04 

2. 1290-04 

1. 1226-C4 

7. 192E-05 

3.054E-05 

1.414E-05 

1.2SAF-05 

1524 

3.5266-04 

2.51 3c-04 

1 . 3376-04 

9.C74E-05 

3.963c“05 

1 »  863E-05 

1 .6626-05 

A/IMUIH 

OF  PATH  OF  SIGHT  »  • 10 

FLIGHT  NO.  99 

FILTER 

HO.  1 

PATH  •'AOIANCfc  FROM  GROUND  TO 

ALTITUDE (RATTS/STSK. SO. H 

MICRO  M.) 

ALT1TUI  t: 

ZlNIIH  ANGLE 

OF  PATH  OF 

SIGHT  UJ6G7EESI 

m  UHS 

>'J  95 

IOC 

105 

120 

liC 

14G 

3  5 

7.U2C1—05  4. 6091-05 

2.339£-0s 

l  •  5  3  7F-05 

7.35SE-06 

3.947L-06 

3. 3906-06 

jIU 

l.495fc-04  9.3981-05 

4.9626-05 

3.309E-0S 

1.610E-05 

8.736F-06 

7.5491— C6 

W4 

2.0936-04  1.4026-04 

T. 7071-05 

5.2126-05 

2.573E-05 

1.406E-0S 

1.2186-05 

1219 

2.5736-04  1.8471-C4 

1.0471— C4 

7.343F-05 

3. 6896-05 

2.033F-05 

1.T64F-05 

is/4 

2.921E-04  2. 2791-04 

1.353C-C4 

9.4901-05 

4.8686-05 

2.709E-C5 

2.353E-05 

FLIGHT  NO.  99 

FILT1R 

NC.  2 

»'ATH 

RADIANCE 

FKHH  (JRUUNO  1C 

ALTITUCElWATTS/STEx.SC.M 

MICRO  M.) 

ALTI  lUI'E 

Zt.NITH  ANCLC 

OF  PATH  OF 

SIGHT  (DEGREES) 

METERS 

9  3 

>*3 

100 

105 

120 

150 

luc 

3:.'5 

5. 

11371-35 

J.3/9L-05 

"l.TOSt-03 

1.1236-05 

5.464E-06 

2.9076—06 

2. 564i-C6 

Nil) 

1. 

0  /9  L— 04 

6.61  1C-0!? 

3.432t— 05 

2.2786-05 

1.108C— 05 

6.007F-06 

5.158E-C6 

•H4 

1. 

787E-04 

Ul69r-|)4 

6. ?99L— C5 

4.2246-05 

2.041E-C5 

1 • 1 15E-05 

9.6026-06 

1219 

2- 

3666-04 

1.61»4t!-04 

9. 32 31-05 

6. 3396-05 

3. 1 26E-05 

1.692E-05 

1.458F-05 

1074 

2« 

7641.-04 

OF-DA 

I. 1 IUE-C4 

8. 1236-05 

4.0736-C5 

2.230E-05 

1.925E-05 

FLIGHT  NO.  99 

FIL  Irk 

NC.  3 

PATH  -.AOlANCE  FROM  GROUND  It 

ALT  1 TUCLlNATTS/STFK.SC.M 

MICRO  M.l 

ALTI runt 

7EN11H  ANGLE 

OF  PATH  (IF 

SIGHT  I  DEGREES) 

Ml; I  LRS 

9  3  95 

100 

105 

120 

150 

180 

305 

4.590':-09  2*61 10—05 

1. 3O6F-05 

8.6092-06 

4.209E-06 

2.2916-06 

1.9486-06 

610 

O.ol9!>05.  5.1396-05 

2.6026-05 

1.7196-05 

8.386L-06 

4.5926-06 

3.974E-06 

•314 

1.231 C—04  7.9681-05 

4. 1531-05 

2.7561-05 

1.3401—  C5 

7.309E-C6 

6.3546-06 

1219 

1 ■ 775 t-04  l. 1606-04 

6.2026-05 

4.1421-05 

2.015E-05 

1.0946-05 

9.4776-06 

1524 

2.1 14l-04  1.431E-04 

7.826fc-C5 

5.2671—05 

2.582E-05 

1.4131-05 

1.231C-05 

FLIoHT  NO.  99 

FILTER  VO.  4 

PATH  .‘'.ADlANCt  FROM  GROUNU  TO 

ALTITUCtlHATTS/STER.SC.M  MICRO  M.) 

ALII  I0i  £ 

Z6NIIH  ANGLE 

OF  PATH  UF  SIGHT  ( DEGREES) 

MIT';”- 

03  95 

100  105  120 

150 

130 

bio 

914 

1219 
15  :4 


FL I  :;HT  W.  O')  FILT-.l  .St.  5 

PATH  "AJIAMCfc  P’.UM  TO  ALTITUtKWATTS/SUP.SC.M  MICRO  M.  ) 


ALTI  IU.:E 

I.M1H  ANCLE 

OF  PATH  (JF 

SIGH1  (CEUPEt'SI 

ME  1  IPS 

'3 

73 

100 

1 C  5 

120 

150 

1 20 

U.5 

6. 11 14  r:  - 5 

3.96 11-C3 

1.9961-05 

1. 3122-05 

6.374E-06 

3.5451-06 

3.1826-06 

oil) 

1.2236-04 

7.5791-05 

3.9646-05 

2.6371-05 

1.2926-05 

7.1561-06 

6.21 16-C6 

914 

1.1.841-04 

1 . 09GL-04 

5.9131-CO 

3. 9(  36-05 

1.9411-05 

1.0641-05 

9.243E-C6 

1219 

2.1211-04 

1.44MC-04 

M.022E-C5 

5 • 4245-05 

2 .6686-05 

1.4566-05 

1 . 2646-05 

15/4 

• 

>o 

IT 

1 

* 

1.7/01—04 

1.0296— J4 

7.G4ot—  05 

3.512';-05 

1. 9192-05 

1.6626-05 

6-161 


f 


AZIMUTH  pF  PATH  OF  SIGHT  =  1-0 

FLIGHT  NO.  99  FILTER'  NO.  1 


ALTITUDE 
.  fttTIRS 

PATH  RADIANCE 

FROM  GROUND  TO 

ALT  I TUDE I WATTS/STE R. SO. ft 

ftICRO  ft.) 

73 

ZENITH  angle 

95 

OF  PATH  CF 
100 

SIGHT  (DLGREES1 
1C5 

120 

150 

180 

3U5 

8.035E-05 

4.  816E-05 

2*  554F-05 

1.754F-05 

9.390F-C6 

4.747E-06 

3.390F-06 

_  610  . 

—  l«55  7Jt-04  _ . 

9.966E-05 

5.513.E-05 

3. 852L-05 

2.112E-05 

1.064F-05 

7. 549F-06 

914 

2.129E-04 

1.454E-04 

8.364E-05 

5 .9092-05 

3.266E-C5 

I .6881-05 

1.218r-05 

1219 

2.S7U-Q4 

1.8831-04 

1.135E-04 

8.135E-05 

4.544E-05 

2.422E— 05 

1.7641-05 

1524 

2.9022-04 

2.254E-04 

1.424E-04 

1.037E-04 

5. 878E-05 

3.219F-05 

2.053F-05 

ALII  iUI  T 

..  ftEIi.R0 
305 
61C 

914 

uh 

1524 


FLIGHT  NO.  99  FILTER  NO.  2 

PATH  RADIANCE.  FRQft  GROUND  TO  RL  TI  TUCF  (WATTS/STERjtSQ.ft  M1LRG  H.  ) 


ZENITH  ANGLE  OF  PATH  OF  SIGHT  IOEGREES) 


6.  142l-05 
I.U9L-JA 
i.774L ‘04 
2. 293L-24 
.'.66  9L-04 


95 

3. 6161-05 
6.9TU-05 
}«  J«5^-  |A 
U634L-J4 
1.936E-04 


1.00 
1.C96E-05 
3.769E-G5 
(i,6l-1j  -05 
9.9T2E -f  3 
1.20‘>|  -04 


105 

1.297E-05 
2..5S9E-05 
4.649L-05 
6.769E-05 
li.  6271-05 


12C 

6. 894F-06 
1.388E-05 
2.51AE-05 
3.707E-C5 
4.778E-05 


15C 

3 .5320-06 
7.081E-C6 
1.31AE-05 
1.982F-05 
2.621L-05 


180 

2.56AE-06 

5.158E-06 

9.602F-06 

1.4581-05 

1.925E-05 


*it i in  r 
mluRg 
305 
olO 
5  I  A 

izU 

1 9  .'4 


FMfilir  Ml.  77 

PATH  RAIlIANf.F  FROM  uRUUHU  |l.  AU 


Fit  I  EH  'IQ.  J 


I J 

4.9 19  '-04 
9.L0UG-U5 
1.29IF-04 
l.JtiaL-.<| 
.'.Olitc-JA 


UNITH  int-.lt  OF  PATH 


IS 

2.866P-05 
5.517!  “95 
8. 2221-p  4 

l!l5!ra 


iittnai’iEEiBis 


I  oo 
1.5041-1.5 
2.777t-"5 
4.51 jt-C5 
6.4i0L-L'5 
n .  r -i  j  a 


1C5 

|.C40t-  ■  5 

3.I48F -7| 
4.493E-05 
5  .F51F-04 


SI 


ftICKL  ft.J 

120 

5 1 722E-06 
111  5Afc-05 
1.7591-05 
3. 4601-05 
3. 148E-05 


157 

2.835F-06 
5.869F-06 
9.1701-06 
i.330t-'  5 
1.730E-05 


180 

1.948E-C6 
3.97AE-06 
6.35AE-06 
9. 4771-06 
1.23U-C5 


FLIGHT  NO.  99 


FILTfH  N L.  4 


At  TITUi  E 

ft.  I.  u 

3u6 

Hi? 


217 


i*AIH  RADIANCE  FROM  GHOUNI.  If.  AL  T !  j UDF I NA TTS/STFR. SO.  ft  ftICRO  ft. ) 


1 1 


ZlNIIH  ANGLE  OF  PATH  !:f  SIGHT  lOEGI'IISI 
95  101  115 


120 


150 


18' 


AITIfiM 

MrRS 

3"5 

OK1 

714 

Mil 

1524 


ri  I'-m  40.  99  HLIi  •  HQ.  5 

I'AT!)  !  AliI*Lil  F.-ift  .fU.LNU  TO  «L TI TUI,|  ( WA T t S/STERi  KU.M  HltllO  ft.  I 

i.niih  A.j. ! ,  f;r  p«tii  of  sight  idegreesi 


S3 

1 «  ti.3 L" 

Il-M  -04 

j(  -04 

?  »  ;4 


A  U/  /  ~j‘> 

hi  17-05 
UlGli  -74 
1 

1.74  I r-o* 


|  no 

*■  * 

4>?RJff-r't 

0.  1731-05 

0. I  441  -05 

i-f'lii  "4 


1 05 
I  .453E-05 

4* loot -05 
5.7485-05 
7 . 355E-05 


120 

7.796N66 

2.3241-iifi 

3. U3E-05 

4. G1CE-C5 


15'. 

A »  1237-06 
11.3761  *06 
J.2481 -05 
l.69fE-09 
2.2181-05 


!  '< 

J.CSZf-Lfc 
A. 21 1 f  -C6 
9.2431-06 
| • 264F-05 
1.662E-C5 


iVIMUTH  UF  PATI-  LF  SIGHT  =  2  7C 

FLIGHT  NO.  99  Fit  7.  9  *.C.  1 

PATH  ’.AD1ANCE  FILM  LRGUNr  TL  ALT  I  TULF ( WATTS/STER. SO. M  MICRO  M.  I 


ALUIUOF 

Ml TKRS 

*3 

/FNITH  ANCl.t 
99 

OF  PATH  OF 
IOC 

SIoHT  (GEGKEES) 
105 

120 

150 

180 

3  '<!> 

7*5**c-ON 

4.4olr- 05 

2.2756-05 

1.5036-05 

7.290L-C6 

3.9556-06 

1.3906-06 

X'i 

1,44*-- 04 

-7.1061  -Cl -i 

4.8376-05 

3.2A5>—  05 

1.6066— C5 

8.6216— L6 

7.5A9F-06 

;*4 

<MU4t-J4 

1 • 359L-04 

7.5146-05 

5.1136-05 

2.5686-05 

1.A23F-C5 

1. 2186-05 

1?W 

*•4911—04 

1.7-12  —  C4 

1  .C406-C4 

7.1-391  -05 

3. 6766-05 

2.0561—05 

1.76A1-C5 

X  >'4 

2.d39» -04 

2.1'. Si  -04 

1.32’J.— (  A 

9.3046-35 

A.8A06-C5 

2.730r-05 

2.353F-C8 

FL  I 

>HT  NO.  59 

FILI, • 

\C.  2 

PA1H  AI.IAACE 

FROM  GROOM  TO 

ALTlTUCEIKATTS/STF-t.Sw.M 

MICRO  F.l 

At  n lUDb 

/ .  M  1  H  AN'LF 

,F  PATH  IF 

SIGHT  tneoRFfS) 

F  .1  i  KS 

-i  3 

/  ' 

li 

120 

15 

1-.0 

-  )S 

O.OCln  -05 

3.4/46-06 

1  .  747  — \  6 

1.1A7.-05 

5.522F-06 

2.986  —  06 

2.564’  -06 

>10 

i.-.6a;--oa 

6 . 6  2  2  L -0  5 

3.A591 - ' 5 

2.29-1 -35 

1.11 86— C  5 

6 . 043t'-C6 

5.  1681-06 

i<l 

1.743.-04 

1.1A6F-GA 

6. 207' -06 

A.lFtl -°5 

2.062F-C5 

1.1 23c -05 

9.C021-06 

12 1  * 

2.29.- — OA 

1 . 6'-9  :“L  A 

3.110.  -  6 

6.257,-05 

3. 109F-C5 

1.7001-05 

1.A58..-05 

i  *>'  4 

2. 67-,:  -OA 

1.9o  >•  -OA 

1  .  lAtll  -'A 

7.9-,3-  -o5 

A. 0356-05 

2.232--05 

1.925,-05 

FL!' 

jHT  ,U*  99 

FILI  .< 

■■ 

.  %TH 

AHAGCl 

Hj<OP  jRbur.'i: 

TC 

ALIllLTFIMA  I1S/STE,:.S(..M 

MICRO  M. 1 

At  1  Mb  L 

ZiMIH  ANCL6 

l.'F  PATH  OF 

SIGHT  (DEG'  EE  j> 

F.T.R* 

■1 

>9 

10- 

i;a 

126 

15- 

180 

t> 

4* 

66-.!  -05 

2.7591  -  ,5 

1 • 3L9L-05 

8.944.-96 

A. 2751 -06 

2.28C-  -06 

1.9A8c-C6 

S. 

708  -Cb 

5.1  /tiL-05 

2.LA2L-C5 

1. 7481.-05 

8.526f-C6 

4.653,-06 

3.97AI  -C6 

'  14 

1. 

26AI--0A 

7.897.--’, 5 

A.  1351.-05 

2.7575-OS 

1.35AF-C5 

7.A29,  -06 

6. 35AF-06 

121V 

a. 

71A. -LA 

1. 125L-C4 

G.OiAE-Ci 

A. 0056-05 

2.003E-L5 

1. 10SL-C5 

9.4771 -06 

1*»  4 

• 

02/  -OA 

1 . 3t  1  t-'-A 

7.6C5t-C5 

5.  1521—05 

3.5666-05 

1.A27'  -05 

1.2311 -05 

FLI 

,H1  -.0.  '39 

FILT  .< 

.\'G.  A 

rh 

AO  I ArC E 

F.'OH  /UiUir 

I L 

ALTl  TUCEIHATlS/STfc  l.Gi.M 

MICRO  M. 1 

ALU  i 0  L 

ZrNIlH  ANGLE 

OF  PATH  I'F 

SIGHT  1  DEGREE  S) 

fi  Jlr:. 

'  V 

*»iU 

<.4 

1219 

V •  " 

1  ' 

ij 

1  DC 

1C5 

12C 

15.1 

150 

FL IbHI  NO*  99 

r  i  l  r  f  :• 

iv  C*  x 

PATH  KALI ANCt 

1  >  CM  wRulTiD  T« 

AL T I TUOF I WATTS/STER. SC. M 

MICRO  M.l 

ALTIIU06 

7JN1IH  ANLLD 

01  PATH  OF 

SIGHT  U3EGREFS1 

f*Ll  6-!j 

3 

)  > 

ioc 

If,  5 

129 

150 

i 

3  5 

0*  V  >  / 

-OS 

1.9376-05 

1.282E-05 

6.3AA1-06 

J.570--06 

5.082' -Or 

'  19 

1,192  -04 

7*3  53  -(  > 

>  •  E86 ,  --'5 

2.599,  -05 

1.2916-Cb 

7.1996  "-6 

0.211;  -CO 

^14 

l.A, Nt-04 

i • Go  3  > -04 

6.7636-05 

3 . 86 9L-05 

1. 9366-05 

1.0736-05 

9.2436-U 

1219 

7 • 

1.3  ^  0 ; - J  4 

7.7-  9i  ->  ■ 

6.280r-05 

2.652E-C5 

1 .4691 -05 

1.26A,  -C5 

1*>  ,  4 

:•  5N  -04 

l*  71  St  -  4 

9.928,  -05 

6.8631  -05 

3.A78L-05 

1.9311  -05 

1.06-1  -C5 

AZIMUTH  OF  PATH  OF  SIGHT  -  1 

FLIGHT  NO.  99  FILTH1;  NO.  I 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 


ALT  I TUOE 
METERS 
305 
610 
914 
1219 
1574 


ZcNITH  ANGLE  OF  PATH  (IF  SIGHT  (DEGREES) 


13 

3.564L-01 
ljOU/t  00 
1.95CE  00 
3.522E  00 
6.033':  00 


96 

1.766E-C1 
4.592E-01 
8.1/2E-01 
1.320F  00 
I.9o8£  OC 


IOC 

7.S18E-02 

1.829E-01 

3.077E-01 

4.647E-01 

6.457E-01 


ICS 

4.459E-0? 

1.C58E-01 

1.751E-01 

2.597F-01 

3.545E-01 


120 

1.709E-02 

3.948E-02 

6.477E-02 

9.513E-02 

1.289E-01 


150 

7.336E-03 

1.6606-02 

2.7496-02 

4.065E-02 

5.545F-02 


180 

6.519E-03 

1.478E-02 

2.427E-C? 

3.594E-0? 

4.904E-02 


FLIGHT  NO.  99 


FILTER  NO.  2 


-Ufi££IIfiMAl  PATH  REFLECTANCE.  FROM  .GROUND  TC  ALTITUDE 


ALTITUDE 

METIRS  93 

3  )5  2.537c-01 

_ 610  5. 9736-01 

914  1.45?;  01 

. 12.19  ...Ji,^lZE..0O 

15?4  4.422E  00 


ZENITH  ANGLE  OF  PATH  OF  SIGHT  IDEGREESI 

96  100  1C5  120  150  180 

1.2U3E-01  5.5766-02  3.339E-02  1.305E-02  5.705E-03  S.089L-0 

2.870=-01  __l.  195E-0JL. _  7^046b-02  2.714E-02  1.1756-02  1.037E-0/ 

O.340E-01  2.453E-CI  1.409E-01  5.265E-02  2.238E-02  1.968E-0? 

t.lu4£  OO  3.9826-01  2.239E-01  8.214E-02  3.478E-02  3.051L-0' 

1.562c  OC  5.346t-01  2.9676-01  1.0856-01  4.644E-02  4.098E-C? 


FUGhT  NO.  99  FILUf.  NC.  3 


DIRECTIONAL  PATH  REFLECTANCE 

FROM  GROUND 

TC  ALTITUDE 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OH  S 

IGHT  (DEGREES! 

_ _ J!tX5R5 

.  43 

9  j 

100 

105 

12C 

15  c 

180 

305 

1.86o6-0l 

9.50  5c-C  2 

4.IC3H-C2 

2. 426E-0? 

9. 0O3E-03 

3.780F-03 

3.3216-03 

elO 

._fu06JL~?l 

c.0,.6E-H 

G.U6E-C2 

4.922r-02 

1.8336-02 

7.6876-03 

6.837E-03 

914 

7.1566-01 

>.393. -c  l 

1.3796-01 

7.98 Il-O? 

2.954E-C2 

1.245'  -02 

1. 1056-0? 

1219 

..l»J93f  09 

5.343C-01 

2.09C6-G1 

1.1986-01 

4.434E-02 

1 • 897F-02 

1.6716-02 

1524 

1 . 683  6  0.) 

7.115F-G1 

2.7CIL-C1 

1.5386-01 

5.712E-02 

2.4736-02 

2.1936-0? 

FLIGHT  NO.  99 

FILUR  NO.  4 

DIRECTIONAL  PA 

IH  REFLECTANCE 

FROM  GROUND 

TO  ALTITUDE 

ALTITUDE 

ZcNITH  ANGLE 

OF  PATH  CF  S 

IGHT  IDEGREESI 

METERS 

93 

V. 

l*f 

1C5 

12C 

15C 

180 

3  05 

.  6 10. 

914 

1219 

15/4 

FLIGHT  NO.  49 

H  I  L  1 1 

L.  5 

DI 

RECTIuML 

PATH  REHl CCTANC6 

6  HUM  oR.-lM 

■  TO  ALTITUDE 

ALTI fUDl 

7FNTTH  ANGLE 

GF  PATH  i  1  : 

IGHT  (DEGREES) 

MeTfrs 

ji 

15 

M/v, 

ICS 

1 2D 

150 

18C 

3.15 

?.55pc-01 

1.2836-01 

i.lm-c 

3.3356-02 

1 .3276-02 

6.105E-03 

5.499E-03 

pIO 

o, 0516-01 

2.8786-01 

1.1441-61 

7.05V  -02 

2.1b 86-02 

1 . 252F-02 

1.1256-02 

414 

|,09 u  0) 

4.86  if. -C 1 

1.914L-  )1 

I. 1156-01 

4.J0TI-C2 

1.9021-02 

1.698t-02 

1219 

1.7926  04 

7.35  3091 

c.7o7t-(’l 

1.5o6t-01 

6.035E-02 

2.6586-02 

2.354E-02 

1524 

2.80ol  00 

1 .0496  Of) 

1.764E-C! 

2.1346-01 

8.0956-02 

3.570E-02 

3.148E-02 

'JO 


AZIHUTH  OF  PATH  UF  SIGHT  = 

FLIGHT  NO.  99  FILTt  <  NC.  1 

DIRECTIONAL  PATH  REFLECTANCE  PROP  GROUND  TO  ALTITUDE 


ALTI FUOE 

ZEN  11 H  ANGLE 

OF  PATH  CF 

SIGHT  (OEGREESI 

ALTERS 

>3 

95 

ICO 

105 

125 

150 

305 

2.124E-01 

l.OBOE-Ol 

4.921F-0? 

3.120E-0 2 

1.442E-C2 

7.613E-03 

610 

5.720E-01 

2.6S1E-01 

1.134L-G1 

7.1 866-02 

3.268E-C* 

1.719E-C2 

51 A 

1.1491-  00 

4.937F-C1 

1.9891-01 

1.214E-C1 

5.414E-02 

2.826E-02 

1219 

2.193n  00 

8.352L-01 

J.122I.-C1 

1.860E-01 

8.106E-C2 

4. 189E-02 

1529 

3.9891.  00 

1.31  lr.  !'!' 

4.618E-01 

2.626E-01 

1.12CE-C1 

3.732E-02 

18C 

6.519E-C3 

1.478E-0? 

2.427E-0? 

3.5991-0? 

4.904t-C2 


FLIGHT  \0.  99  FILTFR  NC.  2 

01 RcC I IONAL  PATH  REFLECTANCE  FROH  GRODNO  JO  ALTITUDE 


ALTllU-E 

ZENITH  ANCLE 

OF  PATH  CF 

SIGHT  (DEGREES) 

HFT>  PS 

9  3 

95 

100 

105 

120 

150 

3  !5 

1.49oF-01 

7.764F-02 

3.616E-0? 

2.320E-02 

1.1COE-0? 

5.941E-03 

610 

3.593C-01 

1.7696-01 

7.860E-0? 

4.954E-02 

2.290E-C? 

1.213E-02 

914 

8.68  .S-01 

3.897F-01 

1 . 61'Jt-Gl 

9. 888E-0? 

4.424F-C2 

2. 301E-02 

1219 

1.7542  00 

7.019t-^l 

2 .6393-01 

1.6106-01 

7.001E-02 

3.579E-02 

1  j  '4 

-i  .  o9l  ,  O' 

1.0372  00 

3.741E-  ,! 

2. 2006-01 

9.429E-02 

4.8C7E-02 

ISO 

5.0S9F-S* 

1.037E-0.- 

1.968P-C2 

3.051F-02 

4.098E-0? 


FLIGHT  AC.  99  FILttN  DO.  3 

DIRECTIONAL  PATH  PEFLEC f ANCL  FROM  GROUND  TO  ALTITUDE 


ALTI  111:  E 

Zt-NjlH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGREES) 

H.lTLRS 

•3 

53 

100 

105 

120 

'i  5 

9.357  =  -0,' 

4.932E-0? 

2.333E-9? 

1.5C9F.-02 

7.247E-C3 

olO 

2.09/1.-01 

I.07CL-01 

4.893E-C- 

3.121L-02 

1.4706-02 

•714 

3.1  67i— Cl 

1.8.  91  -  )1 

c . 314L-G2 

5.217.--C? 

2. 4006-02 

12 1  9 

7.023,--.  J 

3.21  u.-Ol 

1. 3426- 01 

8.261L-02 

3.708L-02 

1  *'24 

1.038..  •)', 

4. 462i-.-  71 

1.  798:-.' 1 

I.CS3F-C1 

4.8S1E-C? 

150 

3.913E-03 

7.924E-03 

1.277E-C2 

1.941F-02 

2.538E-02 


18C 

3.321F-C3 
6.837F-03 
1.105E-C2 
1. 6718-0’ 
2.193E-0? 


ALTITUI  F 
Hi  Tl  R5 

'  -S 


FLluHl  \0.  75  FILI  ..L.  A 

UlKtt.I  IlNAL  PATH  REFLECTANCE  FRCM  CKCUNi)  TO  ALTITUDE 

It  N I T  H  ANGLE  OF  PA1H  >f  SIGHT  (DE0KEF5) 
>3  ■/ 9  100  l‘J5 


121 


155  18C 


•  it 
•1*. 
12!  7 
15,  A 


AL1I!U./F 
Hi  Ti  RS 
>i  5 
vlP 
1 I  A 
1  ? 1  9 
15  ‘A 


Fir  hi  mo.  <5  riu  r.  5 

■  IRiMMNAL  PATH  REFLECT ANCL  FR1H,  <-Ri  UNL  10  AlTIIUCE 

ZtMTH  ANGLE  Of  PATH  OF  SIGHT  1DEGREFS) 


,  < 

-1  n  -01 
.17,  ,  -01 


8.3 195-0  ' 
1.8051—  01 


IOC 

!.P?5f-r,; 

8.291E-U? 


If  5 

2.44«L-02 
5.2C8E-0  2 


7.r  1  >t-5i 
1.19 Jf  0; 
1.98,  00 


3.2;  3L-.J1 
T.0O2F-G1 
/.A7er— oi 


1.347F-1  1 
1.973* -C< 


8.2o7f— 02 
1.156.,-Ll 
1 ,6’j7F-01 


120 

1 . 155L-C2 
2.A11E-C2 
1.726F-C? 
5.2721—  Oc 
7.1 7A1-C2 


150 

6.3A1E-03 
1.30  E-C2 
1.96er-02 
2.7371-02 
’.6791-0? 


li.O 

5.A99F-0 
1.125i  -C? 
1.698',  -Ci- 
2.35A.  -C. 
S.lAaf-O’ 


i 


Ml  I  RUTH  OF  PATH  OF  S1CHI  *  IRC 

FlIGHI  NO.  99  FJLTf.fi  NO.  1 

i/lfifli  ,NAl  PATF  REFLECTANCE  FROM  GRilO.NO  TO  ALTITUDE 


ALTITU!  c 

/'NIIH  ANGLE 

OF  PITH  OF 

SIGHT  (DEGREES) 

KETERS 

93 

95 

IOC 

1C5 

120 

150 

180 

301 

2.  18U-01 

1.128E-01 

5.3726-0? 

3.560F-02 

1.840E-02 

9.157E-03 

6.519E-03 

610 

5.957F-01 

2.853F-01 

1.2836-01 

8.365E-02 

4.286E-02 

2.094E-02 

1.478E-02 

H4 

1.169;  00 

-.  122E-CI 

; • ! 59E-C1 

1.376T-01 

6.872E-02 

3.393E-02 

2.427t-C2 

1219 

2.192E  00 

8.5142-01 

3.  3221.-01 

2.C61E-01 

9.988E-02 

4.990E-02 

3.594E-02 

1624 

3.963.-  00 

1. 326r  00 

4.7-,46-Cl 

2.869E-01 

1.352E-01 

6.811F-02 

4.904F-02 

FLIGHT  NO.  99  FILIL'*  CL.  2 

OIRcClIUNAL  PATH  REFLtCTANCL  fROM  GROUND  TC  ALTITUDE 


ALTITU.  E 

FFNITH  ANGLE 

G'F  PATH  OF 

SIGHT  (DEGREES) 

f'cTt-H,) 

95 

1(  ( 

1C5 

12C 

150 

lf,G 

<  s 

1.57  .  —  01 

8.3C86-C2 

4.C22E-T7 

2.679t-02 

1.387E-02 

7.024E-03 

5.089F-03 

olO 

3. 72oi  -31 

1 . 6666-0 1 

6.6b.'6-C2 

5.652E-02 

2.868E-02 

1.430E-02 

1. 037E-0? 

914 

G.o20':— 01 

3.949E-01 

1.7g3F-CI 

1 .CP8E-01 

5.397E-C2 

2.714E-02 

1.968E-C2 

121  ) 

1.7 98 t  00 

6.9;46-01 

2.771E-01 

1.724F-01 

8.302E-C2 

4.193E-02 

3. 0516-02 

1524 

2.7906  0  i 

1.020.-  CC 

3.E28C-C1 

2.3366-01 

1.106E-01 

5.651E-02 

4.098F-02 

F L  I  '.HI  NO.  99 

FILT--R 

NO.  3 

CIRECTIUNAL 

PATH  RFFLLCTANCE 

FROM  GROUND  TO  ALTITUDE 

ALTITUDE 

ZcNITH  ANGLE 

UF  PATH  OF 

SIGHT  (DEGREES) 

.  .KtlERS 

33 

>■> 

ICG 

105 

120 

150 

la" 

305 

1 .0076-01 

5.413E-C2 

2.6876-CC 

1.824E-02 

9.852E-03 

4.840E-03 

3.321E-03 

610 

2.2141-01 

1.155E-C1,  . 

5.567E-0? 

3.737E-C2 

2.022E-02 

1.013E-02 

6.8376-03 

914 

3.897*--Ol 

1.95CF-01 

9.C32E-  2 

5.959t-02 

3.151E-02 

1.602E— 02 

1.105E-0? 

1219 

6.747.E-01 

3.1656-01  . 

1.3C9E-C1 

8.961E-0Z 

4.583E-02 

2.360E-02 

1.6716-05 

16?4 

9.9131-1 

4.356F-C1 

1.842F-C1 

1 . 173E-01 

5.914E-0,. 

3. 107E-02 

2.193E-C2 

FLIC-hl 

NO.  99 

FILTER  NO.  4 

DIRECTIONAL  PATH 

REFLECTANCE 

FROM  GROUND  TC  ALTITUDE 

ALT  1 1  UUE  Z. 

:mth  akgle 

OF  PATH  OF  SIGHT  IDEGREES) 

Pc  Tr  Kb  93 

9'j 

ICC  1C5 

120 

150 

180 

305 

610 

914 

1219 

1524 


FLIGHT  NO.  99  FILlt.l  NO.  5 

DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 


altiiugf: 

/ 1  .%•  1 » H  ANGLE 

9F  PATH  UF 

SIGHT  IDEGREES) 

Ml  Ti  R S 

>  ! 

44 

IOC 

1C5 

120 

150 

180 

3  '5 

1.6141-01 

.1.4556-0? 

4 .  G  7F.1-C  ' 

2.711E-02 

I.4I3E-02 

7. 3736-03 

5.4996-03 

6  1  " 

3.68->l  -C  1 

1.9,  'F“<’l 

8.EC3F-C2 

5.751E-02 

2.936E-02 

1.5246-05 

1.1256-0? 

<-t<- 

P.9776-01 

-..2?'"--Jl 

1.401L-U1 

8.969E-02 

4.462E-C2 

2.3086-02 

1.698E-C2 

1219 

1.1546  00 

4.91  •‘--01 

c.cru-ci 

1. 2686-01 

6. 153E-02 

3.192E-02 

2.354E-C2 

1524 

1.8930  CO 

7.273F-0! 

2.Pi5r-oi 

I . 729E-01 

8.191E-02 

4.251E-02 

3.148E-0Z 

AZIMUTH  CF  PATH  CF  SlGhT  = 

FLIGHT  NO.  )-7  F  I L  H  p  \0.  1 

uTR'-CTIUNAL  PATH  REFLECT AGCt  t  RCF  0RCL..D  TC  ALTITUDE 
ALT  I  TUliE  ZrNIlH  ANGLt  CF  PATH  OF  SIGHT  (DEGREES) 


METERS 

4  3 

74 

!°i 

1C5 

120 

15C 

18C 

305 

2.052E-O1 

1.045001 

4 . 7861:— 0/ 

3.C5CF-02 

I.429E-02 

7.628E-03 

6.519E-03 

810 

5.S27E-01 

2.6. 7r-91 

1.  12iF-Cl 

7.C4BE-02 

3.259E-C2 

1.736F-02 

1.47eE-Ci 

"•14 

1.1111  C-j 

4. 7F.7"— J 1 

1.94Uc-Cl 

1.1911-01 

5.403E-0. 

2.859F-G2 

2.427002 

1219 

2.12JE  00 

K.103E-  1 

J.C43.  -Cl 

1.E23E-01 

8.060E-C2 

4.236F-02 

3. 594F-07 

1524 

1.8781  OJ 

1.270F  OC. 

4.4,-Jl-CI 

2.575E-01 

1.1 14E-01 

5.777E-02 

4.904F-C/ 

FLIGhl  *.0.  9>*  FRIER  NC.  2 

GIRfcCT luNAL  PATFl  RlFLcCTA.,CC-  FROM  GROUND  TO  ALTITUDE 
ALTITUDE  7FNITH  ANCLE  OF  PATH  CF  SIGHT  (DEGREES) 

HtTtRS  93  US  ICC  ICS  120 

JOS  1.540E-01  7.9fl?F-»2  3.7C5E-C2  2.368E-02  1.111E-02 

(liO  3.6Q9L-C1  1.78K-CI  7.9:iE-(2  4.996002  2.311E-02 

914  8.471L-0I  J.819I.-11  1.H87E-01  9.786E-02  4.4261-02 

1219  A.g97c  00  6.8<6E-D  '.601-91  l.StlE-01  6.962E-C? 

1S'4  2.80H  Oi  1.0'.  I.  .,0  3. £.46001  2.154E-0I  9.341L-C2 


FLI'  H)  ‘  C.  99  f  ID  .  1  NO.  2 

UlKEUT  IUi.AL  PATh  REELECT  A  iCt  FROM  LF.UL.ND  TC  AITUUDE 
ALTIIU.-E  l.MIH  ANGLt  GF  PATH  OF  -■  IGHT  ICEGPEtS) 

KLT.RS  .  ..  9  3  )3  1  CL  U5  I2C 

305  9.91/1-'' 3  ..21(7-0/  2.445E-.1/  1.5681-02  7.36CF-Ci 

GlO  2.119L-J1  1.0K4L-C1  4.977002  3.174fc-02  1.495E-02 

.•14  3  .  s  1  .  -  1  1.373.-01  I..274F-C  2  S.219E-02  2.425E-02 

121-J  6.  782. -01  J.  116. -Cl  1.3K--C1  8.1C7L-02  3.686E-02 

15/4  y.967--'ll  4.3"S1-Jl  1 . 74  7  t-C 1  l.C69r-01  4.822F-C2 


FLI', HI  »  C.  79  FILTl  ■  1  C.  4 

OlRLUIuNAL  PATH  3EFLl  Cl  A*  CL  EnC'*  CkuUNt)  TC  ALTITUDE 
ALTIIU.  F  7  f  N  I  T  H  ANrL  1  0!  PATH  CF  SIGHT  (LCC'SES) 

Mi  T ;  R  j  9  1  >‘J  ICC  l c *7  12C  ISO  U'O 

1  ,5 
1  J 
<14 
121  J 
1  J  4 


ALT  I  iU*  E 
f'  i  »  K. 

FLI'N  r.  79 

DIRECTIONAL  “ATH  RLFLlCTANCt 
2  lN  ITH  ANSI  l 

)J  •>:> 

FILl.  .  \r.  5 

FRCM-  GROUND  TU  ALTITUDE 

3F  PATH  OF  SIGHT  (LfcoPElS) 
TOC  104 

120 

15C 

lt'C 

-  5 

1 . 553E-C 1 

■/.Ol  7F-C  ' 

3.7221-  .= 

2. '■721-0? 

1 .  1 501— C? 

o. 3851-03 

5.499E-C7 

,.lu 

3.777 i.-O  l 

1.8  J  ,r-oi 

•'.128E-IG 

5.1332-0? 

?.4C9i-0, 

1.310E-C2 

1.124F-0? 

U  A 

6.336  —1. 1 

.  Ill'  -r  1 

I.3CF.I-C1 

8.1121  -.’7 

:.7iHt-r 

1.98SOC2 

1.6981-02 

1 i  v 

1.145.  OR 

7v9.  -M 

1.914.  -*  1 

1. 1661  -Cl 

5. 241‘t-C  2 

2.7622-02 

2.354F-0/ 

1  ■  >4 

1.391  •>  ’ 

.  1 1  ■>  *  -  .  1 

.  .67'  1  -  1 

1.612L-C1 

7.1C41-0/ 

'.700  0  02 

3.  14800 

lEi  ItO 

3.894E-03  3.321O0J 

8.C26L-C3  6.837F-0.' 

1.2981-02  1 .  105OC2 

1.957E-02  l.o71L-0; 

. .563F-02  2. 193t -02 


14f,  180 

5.939E-03  5.089003 

1.220F-02  1.037F-02 

2.3I7E-02  1.968E-C? 

7.S95F-C2  3.0S1F-C2 

4.813E-C2  4.098F-0/ 


FLIGHT  1001 

Moonlight.  This  flight  was  made  approximately  60  km  east  of  Khorat.  The  terrain  was  relatively  flat 
and  consisted  of  deciduous  trees  and  rice  paddies.  During  this  season  (dry  season)  the  tree  foliage  was 
sparse,  dry,  and  yellowed  and  the  rice  paddies  between  the  trees  were  dry.  There  were  a  few  artificial 
ground  lights.  The  atmosphere  was  hazy  near  the  ground,  with  no  clouds  except  a  thunderstorm  toward  the 
east.  Data-taking  started  at  2038  local  time  and  continued  until  2144.  The  moon  phase  angle  was  11°;  the 
moon  zenith  angle  during  sky  radiance  data-taking  was  67°  at  the  start  and  53°  at  the  end. 


6-139 


FLiGtflTfib.lOOt' "  FIlfFA  NO.  1 
IRRADj ANCE( WATTS/ SO. H. MICRO  M.» 


altTtuoe 

DOWN- 

-  -up- 

SCALAR 

scalar 

SCALAR 

SCALAR 

(METERS) 

WELLING 

WELLING 

AL8EDO 

00 WN WELL  I NG 

UPWELLING 

TOTAL 

ALBEDO 

?1S 

5.577E-04 

3.677E-05 

•  u66 

1.080E-O3 

1.109L-C4 

1. 191003 

.103 

534 

6.537E-04 

5.241E-05 

.0.0 

1.23o6-03 

1.496F.-04 

I. 3851-03 

.121 

839 

6.255E-04 

5.343E-05 

.0^3 

1.427E-03 

2.182E-04 

1.645P-03 

.153 

1124 

9.  8501-04 

9.602E-05 

.04o 

1. 9246-03 

3.264P- 04 

2.250L-03 

.170 

ALTITUDE 

DOWN- 

FLIGHT  NO.  100 1' 

IRRAD! ANCEIWA7TS/S2 
UP- 

F1LT,R  NO.  2 
.4. MICRO  M.  ) 

SCAL/.I 

SCALAR 

SCALAR 

SCALAR 

CNLTEAS) 

WELLING 

WCLLING 

AL8HHJ 

0UWNWFLL1NG 

UPWELLING 

TOTAL 

HBEPO 

217 

3-9376-04 

4.080E-05 

.104 

7.283E-04 

1.035l-04 

8.318<— 04 

.142 

53o 

7.028E-04 

7.435E-05 

.  ICg 

1.40403) 

1. 962004 

1.601E-03 

.140 

840 

2.332L-04 

2.453E-05 

.105 

4.968  0  04 

9.  100005 

5.898F-04 

.18? 

1140 

7.0405-04 

1 .06  IE— 04 

.151 

1. 46IIE-03 

3.068004 

1.775E-03 

.209 

ALTITUDE 

“  DOWN- 

FLIGHT  MO. 100! 

( RK ADI ANCE! WATT S/SQ 
UP- 

FILTER  NO.  3 
.h. MICRO  K.) 
SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS) 

WELLING 

WELLING 

ALBEDO 

CORNWELL IKS 

UPWELLING 

TOTAL 

ALBEDO 

222 

5^844E-04 

7.395E-05 

.177 

1.296S-03 

1.841004 

1.4B0E-03 

.142 

536. .  . 

4.109E-04 

6.328E-05 

.154 

9.blaE-04 

1.822fc-04 

1.1441-03 

.189 

839 

5.150E— 04 

6.223E-05 

.121 

I .0176-03 

1.647004 

1.182E-03 

.162 

1141 

5b.3X4t.-04 

JU523S-04 

.142 

1.896E-03 

3.6686-04 

2. 2636-03 

.193 

FLIGHT  NO. 100 i 

FILTl  R  MG.  4 

IRRADIANCEI WATTS/SQ.M. MICRO  M. ) 

ALTITUDE 

DOWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS). 

_ WfiULIHG. 

WELLING 

AL6E00  OOWNWFLLINC 

UPWELLING 

TOTAL 

ALBEDO 

222 

3.792E-04 

1.288E-04 

.340  E.327E-04 

(.8616-04 

1.219E-03 

.464 

537 

1.184E— 04 

3.7016-05 

.313  2.874F-04 

9.708F— 05 

3*  8456—04 

.336 

839 

5.7586-04 

I .9665-04 

.341  1.7591.-03 

4.4181—04 

1.700i-C3 

.351 

1141 _ 

.uflpg=aa. 

2. 7326-04  . 

.267  .  2.0491-03 

5. 892t—04 

2.638E-03 

.286 

— 

'FLIGHT  NO.  100 1 

FIL7LK  MO.  5 

IRRAOIANCEIWATTS/SO.M. MICRO  M- ) 

ALTITUDE 

DOWN- 

UP- 

SCALAR 

SCALAR 

SCALAR 

SCALAR 

(METERS) 

WELLING 

WELLING 

ALBEDO  CCWNwtlLING 

UPWELLING 

TOTAL 

ALBEDO 

227 

6.3746-04 

5.742F-05 

.000  1. 7741—03 

1.471F-04 

1 .423f— 03 

.115 

536 

4.421E-04 

4.9206-05 

.111  o.eVSF-O* 

1.327E-C4 

1.0221-03 

.149 

838 

9.0572— <4 

1 ,0975—04 

.121  1.351E-01 

3.357--C4 

2.1C75-03 

.161 

1140 

1. 1002-33 

1.191004 

.10H  2.1235-03 

3. 256L-04 

2.449*-03 

.153 

6*170 


FLIGHT  NO.  'tOOI 


AZIMUTH  OF  PAIP  CF_&IGHT  «  0 

DIRECTIONAL  REFLECTANCE  OF  BACKGROUND 


ZENITH 

F ILTfcKS 

ANGLE 

l 

2 

5 

3 

4 

93 

.51930 

.40561 

•  32480 

.62720 

.92567 

95 

. 35092 

.23551 

.30053 

.35719 

.80705 

IOO 

.17513 

.14347 

.17144 

.17439 

4*51987 

105 

♦10250 

.11111 

.15869 

.13945 

1.71320 

120 

.07396 

.14633 

.08014 

.10084 

.19953 

150 

.04 7 AG 

.07564 

.06053 

.09830 

. 19546 

180 

.P‘;99t: 

*099Go 

.08944 

.15199 

.14412 

FLIGHT  NO.  ICC  I 


AZIMUTH  OF  Pm-  '’F  SIGHT  *  91 

DIRFCTIGNA!  (LFLFCTANCE  PF  BACKGROUND 


ZENITH 

ANGLE 

1  ILT’RG 

1  2 

3 

4 

93 

,19976  .30932 

.29265 

.31088 

.66620 

95 

.15152  .23147 

.20511 

.20163 

.53755 

100 

.11253  .11866 

.14449 

.13656 

.42925 

105 

.03797  .10075 

.11462 

.10983 

.62746' 

120 

.05443  .05315 

.07239 

.10733 

.28876 

150.., 

.04373  .07916 

.05991 

.07975 

.20635 

180 

.05998  .09906 

.08944 

.15199 

.14412 

FLIGHT  NO.  100 I 

AZIMUTH  OF  PATF  lF  SIGHT  »  UO 
DIRECTIONAL  REFLECTANCE  OF 
ZENITH . .  FILTERS 

8ACKGR0UNF 

ANGLE 

1 

5 

3 

4 

93 

.17738  .23897 

.27280  ... 

.19670 

_ .76201 

95 

.12094  .18129 

.21410 

.14249 

.74966 

100. . 

..•11569..  .11189 

.» 12709. 

...  _ _ ..75315 

105 

.10920  .09781 

.13591 

.18001 

.79572 

120 

—..OG-Ul _ .13665 

.10628 

...•15211. 

.28366 

150 

.04826  .07846 

.06787 

.15300 

.16708 

. ISO. . 

.04990  .09906 

.08944 

.15199 

.14412 

FLIGHT  NO.  IOO I 

AZIMUTH  CF  PATH  OF  SIGHT  *  270 

DIRECTIONAL  Rf FLFCTANCE  OF 

BACKGROUND 

ZENITH 

FILTERS 

ANGLE 

l  2 

5 

3 

4 

93 

.257 33  .26573 

.27297 

.28802 

.64223 

95 

.1*63-  .16594 

• l Cl 17 

.16630 

.63716 

100 

.09763  .11668 

.lCCot 

.11541 

.60842 

105 

.09518  .11339 

.0SC15 

.13473 

.42595 

120 

.05798  .11037 

.C6731 

.17013 

.2585? 

; 

150 

.05167  .07655 

.0.4735 

.10012 

.18419 

180 

.05998  .09906 

•0C944 

.15199 

.144’ 2 

6-171 
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FLIGHT  10011 

Overcast  moonlight.  This  flight  was  a  continuation  of  Flight  1001,  after  the  formation  of  a  cloud  over¬ 
cast  and  in  the  same  area  approximately  60  km  east  of  Khorat.  The  terrain  was  relatively  flat  and  consisted 
of  deciduous  trees  and  rice  paddies.  During  this  season  (dry  season!  the  foliage  was  sparse,  dry,  and 
yellowed  and  the  rice  paddies  among  the  trees  were  dry.  There  were  a  few  artificial  ground  lights.  There 
was  a  continuous  cloud  overcast  at  1500  m.  Data-taking  started  at  2149  LCT  and  terminated  at  2221.  The 
moon  was  completely  obscured  by  the  overcast. 
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IUP«1 


OATE  40369  FLIGHT  NO.  190  11  ',300.911  Lf  VEL  ALTITUDE 


altitude 

TOT  Af 

1METL8S1 

FlLTf-'N  l 

0 

1.6  1.  ->„4 

30 

1.813  -  4 

61 

1.610 

91 

1  *  6Gb*" 

122 

1.  609:'  -04 

152 

1  •  ”W4.  -  )4 

183 

l.bo9 

213 

1. 368!  -‘>4 

244 

1. 5846-04 

274 

1. 563..-04 

305 

T .5722-04 

335 

(.571.  -04 

?66 

l  •  b  7 1  —  04 

396 

1.5  75'-- C  4 

427 

1  •  b  5  5  *•  —0  4 

457 

1*  557.-04 

488 

1 • b64i -04 

518 

1.365.  -14 

549 

1.370  —04 

579 

1*  56C  -~4 

610 

1. 399  "  — C4 

o40 

1.194 

o71 

i  >■  6  J  o  —'.'4 

701 

l»Oio  -04 

732 

1«  f>04*“-  j4 

762 

1.60S‘>04 

792 

1.6088-04 

323  ' 

1.6106—04 

853 

1.629L-04 

884 

1.  637'--04 

914 

1  •  fi  4  6 '  -V» 

945 

1.6?  )<  -94 

975 

1.612.  -04 

1006 

1.624^-04 

1036 

1.612  -94 

1067 

1.637,-u4 

10  J7 

1.659i.-04 

1128 

1.6J7E-04 

1158 

1.6123-04 

1189 

1 « 

1219 

1  ♦  1  3r— 'J4 

1250 

1. 6031—04 

1280 

1 .  »«07l-04 

1311 

1  olO  -04 

1341 

1.577, -04 

1372 

1.5878-04 

149? 

1.562  -04 

1433 

1.5778-04 

1465 

i.  671,  -04 

1494 

1.566E-04 

15-4 

4 

1534 

1.556—04 

1?85 

1.551  —  )4 

lo!5 

1.345-  -14 

l64o 

1 • >4Gi —04 

1676 

1.5  152-04 

1707 

1.510  -04 

1737 

1  • 

1768 

1.  J  V  -94 

1796 

l..  315.  -14 

1829 

1.51.,  —  04 

SCATTERING  COEFFICIENT  ( PtR  MfcTER) 

3  '  4 

1.3., 4  —  04  4.  94  2c-05 

1.261  -u4  9.9G9r"— „J 

1.4  So — 04  i.O  7/-.! -9  i 

1.  25?  --i4  J.B43L-O0 

l*»4/'-0A  9.6108-15 

1.343  ~.:4  (.777  -95 


1.33.,.  -04  9.745.--13 

1.334--,, 4  .. 7126-95 


1. 32-0  -6  4 

>.  3C  38-1)4 

1.316i  -34 

«.43;'C-')5 

1.3271-04 

V.4C2  --  ,5 

1.331F-J4 

9.445.  -'-6 

1.  333!  -  >4 

9.385F-05 

1 .343.  -.14 

9.32K-05 

1.336' -04 

9.249  -95 

1 . 34o"  -94 

9.  1928-'  5 

1 .339--04 

9.255E-05 

1.352!-04 

>.  193E-05 

1.367,-04 

9. 29BE-05 

1.39o'  -04 

4. 361 t -05 

1 .406; -04 

1. 265C-05 

l  .40,3t  -04 

9.29uf-05 

1.4l’:-l4 

9.0  JOE-05 

l.r.99— 14 

6.9761-05 

l. 374r-04 

8.  f.  7c- (.5 

1*3745-04 

'  1 E-0? 

1 .340T-04 

C.66ir-05 

1.342E-14 

0.773L-C5 

1.3361-04 

9.363E-05 

1.331E-04 

8. 697E-05 

l.'31o''-04 

0.8338-05 

i  .;?•>— <i4 

8.7612-05 

1.129' -04 

8.7J4F-0S 

1.312.-04 

8.89eE-05 

1.32,1  .-04 

9. 1758-05 

1.31  3>---  ,4 

8.1150*  5 

1 . 32o. — 04 

9.1368 -05 

1.32  3F-04 

9. i93L-05 

1. 1512-04 

9.2358-05 

1.439E-14 

9.40700*- 

1.6511-04 

9.355E-05 

1 .4926-04 

9. 646E-05 

1.517B-C4 

9.535E-05 

1 • 5338—04 

9. 756c-05 

1 .3460-04 

9.5708-05 

1.5411-04 

9. 538F-05 

1 *53ot-04 

9.5076-05 

1.531 1  -  14 

''.4756-05 

1 .523. — 04 

9.4431  -C5 

1.521  .  —('4 

3.4128-05 

1.41/.  -94, 

5.381F— 5 

1.3116-94 

9.  2498-05 

1.50t,  -14 

9.  3188-6,5 

1.501 6 -04 

9.  2d?1  -65 

l  .406--(,«, 

4*  2  ?6i — C5 

1.691C-J4 

'.226005 

1 .486- -04 

9. 1538-05 

1 .4818-04 

'**  184F-05 

l.476‘-04 

9. 1248—05 

l .471 c-04 

9. 103f— 05 

1 .4E6‘-04 

9.O73L-0? 

FIRST  OAT  A  A1 1. 


LAST  DATA  ALT.  40 


44 


1.410.-04 

1.405F-04 

1.4001-04 

1.396E-04 

1.3°li.-04 

1. 3rioL— 94 

1.3821-04 

1.377E-04 

1. 3711-04 

1.381F-C4 

1.347L-04 

1. 348F-04 

1.343L-04 

1. 322F-04 

1.302L-04 

1*  2988-04 

1.279E-04 

1. 2791-04 

1.271T-04 

1.2741  -04 

1.271t-04 

1.2858-04 

1.2  72F-04 

1.276E-04 

1.280E-04 

1. 2491-04 

1.251E-04 

1*  264E-04 

1.2701  -04 

1.3142-04 

1. 345.-04 

1. 334F-04 

1. 303L-04 

1.2992-04 

1. 3081.-04 

1.287E-04 

1.283F-04 

1.2941-04 

1. 3115-04 

1.299C-C4 

1.3131  -04 

1.315!  -04 

1.340.— 04 

1.359c-04 

1- 3888-04 

...3831-04 

1.379r-04 

1.3748-04 

1. 3706-04 

1 .3638-04 

1*  3618-04 

1 . 3568-04 

1.352E-04 

1.3478-  04 

1.3438-04 

l. 3386-04 

1.334F-04 

1.329E-04 

1.325>  -04 

1.370F-C4 

1. 316L-04 
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FI  IGHT  NO.  10'jII  F  IL  (*-i\  \G.  I 

OF AK  IKANSHl)  TANCE  MUM  HOUND  I.  AlIITUDE 
ALTITUDE  2CNITH  ANGLE  OF  PAID  r.F  SIGHT  (OEGP.EES! 


HETtRb 

a 

ltL 

10b 

129 

15) 

180 

M>b 

. 5919  >31 

.57266)8 

.7-,  99993 

.8288996 

.9079029 

.9959939 

.9525767 

^10 

. 1533618 

. 5309977 

.678066H 

.6890999 

.8296858 

.8996830 

.9081227 

•0573820 

.IS.'2P?1 

.9329910 

.6698159 

.7979097 

.8952771 

.8695786 

1219 

.0209190 

.1)65901 

.3290889 

.9705375 

.6768928 

.7982715 

.8227350 

IS24 

. 0076909 

•  Op  11901 

.296C610 

.3903392 

.6199860 

.7599138 

.7838916 

FLI 

.Hr  'D.  i*' j ii 

FILT-  NO. 

/ 

.'•FAR  TRANbMITlA'Xr  F0«1M  riDLNO 

TO  ALTITUDE 

ALTIlUOt 

ZMITH  A\‘Otl  uF 

PATH  OF  SIGHT  (OEGRrLil 

METERS 

<3 

Kt  2 

10U 

1  P  6 

120 

15'* 

no 

505 

•  95999  36 

.6253797 

.790  ICG.’ 

. 3 j  3  793 1 

.9219367 

.9538589 

.9599150 

olO 

.2077399 

.3  1011  3 

.6239667 

.7283912 

. 8986708 

.9096150 

•  921 ' 33  3 

919 

. 088 1 3  3  > 

.2913976 

.9)09936 

•  6?C<*?8? 

.7808080 

.8668878 

.8836339 

1219 

•  V  38  2  766 

. 1 b 1 168  7 

.3879031 

.6292839 

.719900? 

.8268908 

.8981796 

1:29 

.0196522 

.083635. 

.2969319 

.9922390 

.6555939 

.7836368 

.8096569 

FLI 

jhT  NO.  10  U 

filter 

NO. 

& 

l) 

. 

5  AM  TRAflSM.IT.TA.NCE  FROM  SPCUUO 

TO  ALTITUDE 

ALTITUDE 

7FNITH  ANoLE  OF 

PATH  OF 

SIGHT  (DEGREES! 

METERS. 

..  .  9.3 

96 

100 

..  105 

120 

1 5  • 

Id') 

306 

.5696595 

.7116177 

.8930269 

.8917538 

.9929209 

.9663907 

.9707837 

. 6.10. 

.3239360 

.5139618 

,71p0C05 

.7992091 

.8909599 

.9352085 

.993639- 

919 

.1871993 

.376837' 

.6119109 

.7192559 

.8931797 

.9062093 

.9132955 

1219 

.101.9026 

.273629) 

.6963507 

.7977997 

.8777217 

.8931935 

1529 

•  05..21S  t 

. lVolQR) 

.991905? 

.5777662 

.7-  27900 

.8987898 

.8676397 

FLI  .HT  .<0.  101*  II 

FILl‘5  \C.  9 

GLAM 

TRANSMITTANCE  FROM  <‘*>.l!UNO 

7  3  ALTITUDE 

ALTITUDE 

ZfNITH  AfD.LIi  OF 

PATH  OF  SIGHT 

(DEGREES! 

METERS 

93  96 

100 

106 

1  2u 

160 

150 

305 

.610 

919 

1219 

1529 


FLIGHT  NO.  100  II  F  ILTrrP  NO.  5 

dEAM  TRANSMITTANCE  FROM  GROUND  T:i  ALT  I  TUUh 
ALTITUDE  ZFMTH  AfU.LE  OF  PATH  OF  SIGHT  (DEGREES! 


MFTtKS 

9  3 

95 

100 

10-5 

1  2f 

15D 

loO 

305 

.9927-69 

.6157301 

.7639583 

.8993390 

.9189925 

.9523679 

.9585199 

5  10 

.2029096 

.3909563 

.6237929 

.7265580 

.8986016 

.9096959 

.  9213)9  1 

919 

.0930329 

.2998298 

.9983079 

•62F8953 

.7852901 

.8697209 

.8861377 

1219 

.0913199 

.1583016 

.3969729 

.5375655 

.7252059 

.8306865 

.8515899 

1529 

.0179317 

.098299-; 

.3120596 

.9577903 

.6673919 

.7917986 

.8169097 

6-175 


FLIGHT  101 

Starlight  before  moonrise.  This  flight  was  made  over  the  Gulf  of  Siam,  approximately  95  km  south  of 
Rayong,  where  the  depth  of  the  water  was  60  m  (33  fm).  The  sky  was  free  of  clouds  but  the  atmosphere 
was  very  hazy  at  low  altitudes,  presumably  because  of  an  offshore  (north)  wind.  Data-taking  started  at 
2030  LCT  and  ended  at  2140. 
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f  f  ,  '  iOsifir  mcVIoT" . Tfif e «TSf6V  1" 

HI  y  IMAOIANCEIWATTS/SQ. M. MICRO  N.) 

irmcar — Gdfffc - — 05= - - sorur - tut** 

<N£f£.*Sl_  JffJiUNG  WELLING  ALBEDO  OOWNWELLING  UPWEUING 
164 

A*A... 

782 

_aaei._ 

1399 

1T0.2 _ 


SCALAR  SCALAR 
TOTAL  ALBEDO 


FLIGHT  NO.  101 _ FILUR  NO.  2 

I RRADIANCEl WATTS/SQ.M. MICRO  M. I 


ALUUffiE _ 

(METERS!  WELLING 

_ „URr- _ 

WELLING 

ALBEDO' 

SCALAR 

oownwellW 

SCALAR 

UPWELLING 

.CALAR 

TOTAL 

SCALAR 

ALBEOO 

....Ifet _ 4*_4.3iE-06. 

9. 1386-07 

.142 

1.2066-05 

3.176E-06 

1. 5236-05 

.263 

484  6.954E-06 

0.6396-07 

.139 

1.2936-05 

3.1986-06 

1.6126-05 

.247 

7.83  7.092E-06 

1.0596-06 

.149 

1. 3271.-05 

3.478F-06 

1.6740-05 

.262 

1035  7.2046-06 

1.1836-06 

.164 

1  • 399L-05 

4.0056-06 

1.799E-05 

.236 

1399  7.6546-06 

1.4146-06 

.  Ic5 

1.4746-05 

4.4716-06 

1.921E-05 

.303 

1710  7.3816-06 

1.5096-06 

.204 

1.4446-05 

4.o«?l:-06 

1 . 942E-06 

,U5 

FLIGHT  NO. 101 

FILTER  NO.  3 

aYtituSe  DOM fp‘“ 

]RRAOIANCE,(WATTS/Sq.M. MICRO  H.) 
UP-  *  SCALAR 

SCALAR 

SCALAR 

SCAlAr- 

JU1EIE4S1 _ MEJLLXNP.. 

_ WELLING 

ALBEDO 

OOWNWEL1  1NG 

UPWEU  1NG 

TOTAL 

ALREOC 

164 

43V... 
782 
1085. 
1399 
1713 ... 


fJLWWL.NQ.  lOA. . . mTER.  NO...  5 

I RR AD I ANCEI WATTS/SQ.M. MICRO  M. ) 


ALTITUDE  OOWN- 

UP- 

SCALAR 

scalar 

SCALAR 

SCALAR 

I  meters')  '  welling 

. WELLING  " 

ALBEDO 

■tfOWNWETLllNG 

UPWELLING 

TOTAL 

ALBEDO 

164  9.5766-06 

9.016E-07 

.094 

1 . 837E-05 

3.049E-06 

2.142E-05 

.166 

4B3  l.OOOC— 05 

1.01 2L-06 

.101 

1. 932E-05 

~ 3.4666-06 

2. 2796-05 

.179 

... .  .7.8.3 . 1.0635-05.. . 

1.151E-J6 

.108 

2.073E-05 

4.017E-06 

?. 4756-05 

.194 

1086  1.0916-05 

1 . 304G-06 

.119 

2.  1826-05 

'4.376E-06 

2.619F-05 

.701 

.. -1399 1,1396-05 ... 

„1. 6586-06 

.146 

2.303C-05 

5.166E-06 

2. 820C-05 

.224 

1719  1.1 196—05 

1 . 502"— 06 

.134 

2. »594-05 

4.9116-06 

2. 750E-05 

.217 

100 

105 


.UP. 

1 


.29002 

. .22363" 

.10633 

. . .05081 

.04945 


0-178 


DATE  40664 

'  F  L  1  CHI  NtJ. 

101  OR U HMD 

1FVFL  3LTITU0I  1 

i  i- 

9  IUP'1 

ALT! ruOE 

TOTAL 

SCATTrP.INi  COEFFICIENT  (P1R  KcThh  1 

IKKTTSSI 

F  I  LTl.SS  1 

”1 

£ 

", 

0 

4.447t-06 

3.6036-05 

4. 0347-05 

30 

4.4321-05 

3.5910—05 

3.647E-05 

4.021F-05 

61 

4. 4L7i-05 

3. 6796-05 

/•  i>29r-o5 

4.008E-05 

Jl 

4. 4037-05 

,*.567»  -05 

2  f>30fc-9rj 

3 .5946-05 

1 22 

4.  3980—05 

i5  5  F>0* 

3. 931 F -05 

14? 

4.  373r:-0‘> 

3.543.  -05 

2.3141-  >> 

3.968E-05 

l?3 

4 

>. 5311-05 

/•SOS’5-  '!) 

3.9547-05 

213 

4*44lF.-f»5 

4.596^-05 

2.481  -0 , 

.3.923! -05 

4. 460 r -05 

,.667  XI8* 

?.462.r-  )5 

3,8384-05 

2  74 

4  •  4  rj  d  f:  — V;  t> 

3.622T-Or> 

2*^  ToV-G? 

3.9*Ur>05 

305 

4.422T— 05 

3.717'— C, 

2*  -•.»  :> 

3. 9790-05 

135 

4.600H-05 

3.719: -05 

2. 4767-03 

3.9653-05 

366 

4.560.:-05 

3.651 r- 05 

7. 506,-05 

3.9450-05 

396 

4.506E-06 

3 . 779F.-05 

7.517E-05 

4.0286-05 

477 

4. 5021 -OS 

'\.75bf -0*> 

V.  v.'4> 

4.09M-05 

457 

4. 490 L -05 

3.754-06 

2.505. 

4.223'  -05 

4tfA 

543t:  — 05 

"v.  ho';1  -o’> 

•  »  ‘J  4 

4.  i<j*r-05 

*>i  a 

4. 572E-05 

3.8720-03 

7.5111-05 

4,0610-05 

54  9 

4.  7471-05 

,.a944-  -6r* 

2.3122-05 

4.033E-05 

679 

4.  6931.-05 

4.028-06 

7.33.  -05 

4.031K-05 

610 

4.  6901: -05 

4.066'  -05 

2.534  —  0  3 

4.001':-05 

640 

5. 003E-05 

4 . ’»61 -05 

■>.513'— 05 

4 • 067E-05 

671 

5. 094F-05 

4.2831 -05 

7.  507'  -05 

4.24.31-P5 

70 : 

5. 058F-05 

4  •  ?94a.-oi> 

7.544'  -05 

4.402F  J5 

737 

4.9760-09 

4.7921 -06 

2.5591  -05 

4.369’  -05 

762 

4.9->3F-Q5 

4  •  26f»  -  *'04 

2.5776-05 

4.276E-05 

792 

4.963E-05 

4 .294^—06 

'.5«lt-0i 

4.421 E-06 

373 

5.0 'tOE-05 

4  •  232T  -.05 

2.5T4F-05 

4.330F-05 

-.53 

4.945E-05 

4.218L-05 

2.567F-05 

4.4.9E-05 

5b4 

5.015C-05 

4. 2280-05 

7.5  73F-05 

4.459E-05 

914 

5. 132E-05 

4.261.-03 

7.613—05 

4. 363b-05 

045 

5.3  36E-05 

4.277.  -05 

2.7  ?u  .-05 

4. 315E-05 

976 

5. 6085-05 

'■..764—06 

7.77  7'  -0-j 

4.414!  -05 

UD6 

5.598L-05 

4 .4.’  ‘  r  -06 

.•?■  67rt»:-o  3 

4.4437—05 

1036 

S.590r-05 

- jj 

4.508E-05 

1167 

0. 697F  —05 

4.62’  06 

3-70.V.  -95 

4.6730-05 

1097 

,5.  699.C-06 

4  •  *>  VJ  -06 

ri  v, 

4.6511  -OS 

1123 

5.814G-05 

4.451 8-06 

2.  727,1-15 

4.H23F-05 

1158 

5. 769E-05 

4.?9ir-U5 

7.  735  ;-  i5 

4.SO3E-05 

1189 

6.  5  74 1-05 

4.186! -05 

2,  747- -05 

4.5940-05 

1219 

5.41 8L-05 

4.228.  -08 

7.76?,-  i> 

4.3236-05 

1250 

5.  2.13E-05 

4.2330-05 

7.  75T>—  05 

4.3110-05 

12H0 

5.250E-05 

...  1781  -05 

’  .7^9.  -05 

4.3J0<-05 

1311 

5. 256L-05 

'*.?  111  -05 

2.  737i  —35 

4. 223c-05 

1361 

5.2641-05 

4.2301-05 

7.7261.-35 

4.232F-05 

1372 

5. 342E-05 

'..2257—05 

2.756.-05 

4. 302E-05 

14  J/ 

5.4230-05 

4.21 IF— 05 

2.770  —05 

4.350L-05 

1433 

5. 409F-05 

4. 2232-05 

7. 7726-05 

4.226E-05 

1463 

5.  4  31 L— 05 

4.1901-05 

7. 0157-95 

■V.238E-05 

14  H 

5. 428F-05 

4 .2170—05 

*.79M£-0b 

4.266E-05 

10  74 

5. 406E-05 

4.7100-05 

7.829F- J5 

4. 3000-05 

1554 

3.4532-05 

4.1767-05 

2.04')!— 06 

4.23EL-05 

a  iUO 

5.4436-05 

4  » 146L-05 

2.0321—06 

4.172.-05 

1613 

5. 3102-06 

4. 162, >05 

2. 8f.ui>:-  15 

4. 1 370-05 

1646 

5.9581-05 

4.24  H'T-os 

2.7*39!— 06 

4.154F-05 

167  6 

4 •  0960— u  5 

6.71 8F-05 

1707 

4.6808-05 

4.082F-05 

-95 

4. 141.-93 

173  7 

4.7.141:— 05 

4.0691-05 

2.8538-04 

•♦.J77E-05 

1768 

4.  •■900-115 

4.055E-05 

7.04V-  j* 

4. l!4c-05 

1799 

4.  .336-05 

4.042C-05 

2.034 -05 

4.100F-05 

1879 

4.  ‘.68  ;-  .6 

4.0280-05 

?.  324!  —  *  I  •> 

4.0H6r-0* 

FIRST  OATA 

AIT.  7 

7 

7 

7 

LAST  DATA 

ALT.  34 

~.  / 

-.7 

57 

. . . FirenrMo.'  ror  *  *  *  filter'uit.'i 

BEAM  TRANSMITTANCE  FROM  GROUND  TU  ALTITUDE 
ALTITUDE  -  ZENITH  ANGLE  OF' mmc  OF  SIGH T  IU 


METERS 

93 

95 

100 

105 

120 

150 

180 

305 

*?YZ33M 

'.8S6Y960 

.9Z5J5"95 

'.'W28T6 

.9734189 

.9845661 

.'9866 1S9 

610 

.5870489 

.7303473 

.8540909 

.8995895 

.9466983 

.9688706 

.9729842 

914 

.4335147 

.6133532 

.7824379 

.8482285 

.9183231 

.9519967 

.‘958291 8 

1219 

.3075381 

.5047040 

.7094985 

.  1 943275 

.8876382 

.9334994 

.9421455 

1524 

.2196426 

.4186857 

.645984’ 

. 7458872 

.8591931 

.9161093 

.9269767 

. 

FLIGHT  NO.  101 

t  I L  7 ;  K  10. 

REAM  TRANSMITTANCE  FROM  oROUNO  TO  ALTITUDE 

ALTITUOE 

ZENITH  ANGLE 

OF  PATH  OF  SIGHT  (DEGREES) 

_ J3E.TKAS.. 

_ 

95 

100 

105 

120 

150 

1  fiO 

305 

.8097851 

.8819827 

.9389141 

.9505924 

,9783473 

.9874410 

•'9891  14- 

610 

.  .66.45,1 1.4 

.7716776 

.8780171 

.9164201 

.9558259 

.9742528 

.9776635 

914 

.4978369 

.6649560 

.8148131 

.8716188 

.9313454 

.9597676 

.'9650624 

1219 

..3794349 

.5701570 

.7542776 

.8276231 

.9067071 

.9450256 

J9922117 

1524 

.2907113 

.4920002 

.7004777 

.7875374 

.8837024 

.9311074 

.9400544 

.  —  - 

FLIGHT  NO.  101 

FILTER’ 10. 

3 

_ REAM  TRANSMITTANCE  FROM  GROUND  TO  AL.T  I T UCE 

ALTITUOE 

ZENITH  ANGLE 

OF  PATH  OF  SIGHT  (DEGREES) 

_ JBETEAS.. 

_ 53. . 

. . 55. _ 

...  ..LOO.,  .  . 

..  105.  .... 

.  120 

150 

180 

305 

.8628454 

.9159453 

.9568093 

.9708671 

.9848122 

.9912030 

.9923770 

-Alfl— 

•7423617 

_ -*ftUBfl526— . 

_ jl9L55.8L6.  . 

.942*1440 

.9698343 

.9824712 

J9848017 

914 

.6351775 

.7670170 

.8753515 

.9145528 

.95481 71 

.9736591 

29771474 

1219 

.5374697 

.6979833 

_ .8346604 

.8859634 

.9392482 

.9644612 

.<9691482 

1524 

.4514159 

.6336309 

.7953160 

.8575700 

.9235445 

.9551131 

J9610122 

FLIGHT 

NO.  101 

FILTER  NO.  5 

*■ 

.  .  1 

8EAH  TRAM5MITTANI 

;e  from  ground 

TO  ALTITUDE 

ALTITUDE 

ZFNITH  ANGLE  OF 

PATH  OF  SIGHT  (DEGRF.FS) 

METERS 

93 

96 

(00  105 

120 

150 

180 

305 

.7918212 

.8702927 

.9326473  .9542951 

.9760745 

.986X160 

G9879648 

610 

.6212629 

.7551890 

.8685502  .9097791 

.9522340 

.9721374 

.9758248 

- 

- .<778621 - 

‘.'6493716 

.8051718 - '.'8646857'  " 

.9275032 

.9574797 

,9630697 

1219 

.3605545 

.5537086 

.7432763  .8195048 

.9020973 

.9422456 

•19497654 

1524 

.2749407 

.4767476 

.6894929  .7792294 

.8788646 

.9281611 

.9374738 

6-180 


. FLIGHT  NO.  101'  FILTER  NO.  1 

PATH  RADIANCE  FROM  GROUND  TO  AL  T1  TUDF  ( WATTS/STER.  SO.  M  MICRO  H.  ) 

ALTITUDE  'Z'rNITH  ANCLE  OF  PATH  OT  SIGHT  (DEGREES) 

KETER$  93  Si  100  IDS  1?C  150  180 

305  . 

610 

91*. 

1219 

1524 


. fl  ight  no’.  ’  Vo  i  . F'lL'ttnr  w."'? . 

PATH  RAOlANCe  FROM  GROUNO  TO  ALTITUDE  (WATTS/ STEP- .SQ.M  MICRO  M.  I 
ALTITUDE  ~  '  ZtN'fTH  A'NGLf  OF  'RXTh  DT"  TIGHT"  (DEGREE ST 


PITERS 

93 

95 

103 

105 

120 

150 

180 

105 

2.31RE-07 

1.419E-07 

7.0996— 0;J 

4.649E-08 

2.204E-08 

1.115F-08 

9W2I0E-09 

610 

4.431E-07 

2-3066-07 

1.4496-J7 

9.3986-00 

4.6126-06 

2.3618-38 

1.953F-08 

914 

6. 4476-07 

4.234F-07 

2.2S06-C7 

1.512E-07 

7.3466-08 

3.777E-08 

3.1356-08 

1219 

8.  331E-07 

5.664C— 07 

5.  113f:-C7 

2.106E-07 

1.0306—07 

5.276F-08 

4.367E-08 

1524 

9. 9538-07 

6.967F— 07 

3. 937F-07 

2.690E-07 

1.3286-07 

6.789E-08 

5.605F-0B 

FLIGHT  NO.  101 

PATH  RAOIANCE  FROM  GROUND  TO 

FILTER  NO.  3 

ALTI TUDfc ( WATTS /STEP.. SO. M  MICRO  M.  1 

ALTITUDE  ZENITH  ANGLE 

MtTERS  ...  .93  95 

OF  “ATH  OF  SIGHT  IDEGP.EES) 

1Q0  105  120 

159 

180 

305 

610 

914 

1219 

1524 


FLIGHT  NO.  101 

FILTER 

NO.  5 

PAIH  RADIANCE 

FROM  GROUND  70 

ALTITUDE (WATTS/STER. SQ.M 

MICRO  M. ) 

ALTITUDE 

ZENITH  ANGLE 

OF  PATH  OF 

SIGHT  {DEGREES) 

.METERS 

- . .93.. 

95 

100 

195 

120 

153 

100 

305 

3.533E-07 

2. 160F-07 

1.081 6-0 7 

7.0426-00 

3.302E— 06 

1.669L— 08 

1.3836-08 

6 10 

6.658E-07 

4.2296-07 

2. 1776-07 

1.435E-07 

6. 79 St-08 

3.4456-08 

2.855t-08 

914 

9. 6422-07 

6.343E-07 

.  3 .3706-07 

2.2436-37 

1 .071E-07 

5.419E— 08 

4.482E-08 

1219 

1.243F— 06 

3. 4666-07 

4.6406-07 

3. 1216-07 

1.503E-07 

7.583F— 08 

6.‘258E-08 

1624 

1.479T-06 

1 • 03  7C— 06 

5.846F-07 

3.9726-07" 

1 .9306-07 

9.7281-08 

8.C11E-08 

t 


. Flight  no.  ioi  "PTurnruo.”!  . . . 

DIRECTIONAL  PATH  REFLECT ANCl  FROH  GROUND  TO  ALTITUDE 

ALtituot  iL.imnime  of  path'etf  ■stght'tdegiteesj 

_ .BUBS  93  95  100  105 

305  . 

_ 510... 

91*  . 

mo  ■ 

1524 


.  NO.  ioi”"' 

_ _ DIRECTIONAL  PATH  REFLECTANC 

ALTITUDE  .  ZENITH  ANGLE 

..  NET EftS . ....93.  ..  95 

305  1.396E-01  '  7.8'57E-02 

. ft  IP. . 3*3i>J5fcP.A  J  .  776E-0 1 

914  6.325E-01  3.iiOE~6l 

_ .1.219  1.073E  00  4.852E-01 

1524  .  1.673E  00  5.917E-01 


TGHT  NO.  idT . FTlTeT>50.'""2 . 

PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 
ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREFSf 


100 

3.693E-02 

8.0606-02 

T.'354'E-CT 

2.016E-01 

2.745E-01 


105 

2 .3698-02 
5.115E-02 
8.475C-02 
1.243E-01 
~1 .668E-01 


120 

L.100E-02 
2.357E-02 
3.8536-02 
5. 550E-02 
7.337E-02 


150 

5.513E-03 
1.184H-02 
1. 9226-02 
2.7276-02 
3.5616-02 


180 

445486-03 

947816-03 

1.5876-02 

2.240c-0’ 

229128-02 


FLIGHT  NO.  101  FILTER  NO.  3 

_  .  DIRECTIONAL  PATH  REFLECTANCE  FROM  GROUND  TO  ALTITUDE 

ALTITUDE  ZENITH  ANGLE’  OF  PATH  OF"  SIGHT  (DEGREES i 

NETEftS - 93 . „ . ...91 . .....100 . .  105...  .  ... 

305 

_ 

914 


FLIGHT  NO.  101 


ALTITUDE 

.....NETEftS. 

305 

610 

. 914 

_  — 12 19..  .  . 
1524 


.  93.  . 

1 .4666-01 
'3.516E-01 
6.6208-01 

_ is.L3iS.J>0. 

1.7656  00 


ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES)  ”  '  '  '  ' 

95  100  105  120  150  180 

8.1748-02  3.8016-02”  2.4216-02  1.U0E-O2  5.552E-09  4J593E-83 

1.8378-01  8.224E-02  5.173E-02  2.3426-0 2  1.1636-02  9J507E-03 

3.2046-01  1.3738-01 . 8VSV0E-O2  3.789E-02  1.857E-02  12527E-02 

6.0168—01  2.048fc-01_  1.249E-01  5.465E-02  2.640E-02  241626-02 

7. 1391-91  2.781E-C1  1.6726-01  7.205E-C2  3.438E-02  2J803E-O2 


WHUIUIIIfif'lltm)  u.  • i/M '  ■» 


FLIGHT  102 

Starlight  before  moonrise.  The  flight  pattern  was  from  15  to  90  km  south  of  Lop  Buri.  The  terrain  was 
flat,  cultivated  with  rice  paddies,  and  included  small  settlements.  During  this  dry  season  the  rice  paddies 
were  dry  and  other  vegetation  had  lost  its  lush,  green  appearance.  There  were  no  clouds  but  the  atmos¬ 
phere  was  very  hazy  at  low  altitude,  presumably  from  the  burning  off  of  stubble  in  the  dried  rice  paddies. 
Data-taking  started  at  2034  and  ended  before  moonrise  at  2137. 


altitude 

(METERS) 

147 

415 

757 

1059 

1361' 

1670 


■  ~  bofiN-- 
HELLING 
7.4376—06 
6.749t-96 
6.997E-06 
6.7711^-06 
6.a79E-0'6 
6.811E-06 


FLIGHT  Mb'.  102  FILTrP  NO.  1 

_I  RR  ADI  ANCE  I_HATT S/SQ • M. M IC  RO  H.  ) 
Ufi-  -  -  SCALA.-  ' 

HELLING  ALOE DO  DOWNWkLLING 

1.474^-06  .191  "  1.422L-05 

1.734-iA  • 1  13  1.252b- OS 

9.254‘-~07  .19?  1.305E-05 

__A*<>10F-06  .?<!2  1.769E-05 

1 . 1901:— J6  .173  '  " T.'2'9Vfc-05‘  " 

l.234r-06  »1K1  1.2886-05 


SCALAR 
UPHILL  INC 
6.8931-06 
4.5271—06 
3.046C-06 
6.054t-06 

4vn»e-06 

4.0666—06 


scalar 
total 
2.012T-05 
1  .7041.-05 
1.609k -05 
1.7656-05 
1.7051-05 
1.6951-05 


SCALAR 
ALREDO 
.414 
.362 
.233 
.401 
•  317 
.316 


ALT1TUUE 
I  ME  TE  RS  ) 
155 
446' 
757 
1061 

1669 


FLIGHT  NO. 102  FILtfcR  NO.  2 

IR.UOIANCEIHATTS/Sv.N.MICKO  ».) 

—  .Vp.“ .  SCALAR  SCALAR 

,  if!;L,NG  ALBEDO  ODMNHELLING  U'PHELLTNG" 

—  . .V?3.4. _  1.4426-05  6.112E-06 

1.4771-06  .208  1.355‘E-6"5  5.>'41"E-06" 

-  _  *257  1.403t-05  6.253E-06 

3.0  77L-G6  .450  1.21 5  fc-0'5  7.9 89*6  ^OtT 

■  *232  1.399i-05  6.091t— 06 

2. 192fc-06  .305  1.387E-05  6.9636-06 


1  helling" 

HELLING 

ALBEDO 

7. 5036—06 

1.7536-06 

•  <>34 

'7.1176-06  """ 

1 .4776-06 

.208 

_7. 3446-06 

l.UBHi— 06 

.257 

6«  8/?  3t-U6 

3.P7^C-C6 

•  4t>0 

-7.^,746-06 

1  • 63 >£ — J6 

.232 

7. 198E-06 

2.1926-06 

.305 

SCALAR 
TOTAL 
2*0546-05 
1.  92'6t-05 
2.0281-05 
"  2. 094k- 05 
2.0061—05 
2.0836-05' 


SCALAR 

ALBEDO 

.424 

'.424 

.446 

.617 

.435 

.502 


ALTITUDE  DOWN-" 
1MEXE&&1 —  KEULJ.NG 
154  1.169E-05 


FLIGHT  NO. 102  FILTER  NO.  3 

—  -LA«A0J.«N.CE.CH.ATTS/.sa,MtMICRO  M, ) 

UP~  scalar 

—  >f-LUN.G...  ALBEDO...  ..0OHNHELL1NG 

5.3285-06  .456  2.5I9E-05 


757  1.091C-L 5 

-1-061 - -L.JL02i;-a5 

1368  1.1735-05 

— ma — JUW51-Q5 


UP- 

-  WELLING.. . 

5.3285-06 
— ■  uU5£-06__, 
3.1?3e-06 
.5*3  616.-04. 
?.62sg-06 
-5.076C-06 


2.263k— 05 

- 2*3551-05... 

2.460E-05 

<*2.68Er05 


SCALAR 

UPHEU.IM5. 
2.020E-05 
-U524£rP.5_ 
1.088E-05 
L.  8 8 61— 0  5- . 
1.8636-05 
U679E.-05 


SCALAR  SCALAR 

TOTAL  ALBEDO 
4.539F— 05  .802 

-JLOfllfcrjBS - *701 

3.3511—05  .481 

-4.Z4JOt-05 . .6,01 

4.3236-05  .757 

1.9471-05  ...740 


ALTITUDE 
t  MET  t'R  ST 
153 
435 
757 
1061 
1366 
1669 


ecNK- 

'  VEllIM 

U021E-O5 
1.033F-U5 
1.1071-05 
l'.  1806—05* 
1.1046-05 
1VV46E-05- 


?L_I GHT  ((0.-1. 02 . . FJ.LTr-R  NO.  5 

IRRAOIAHCEIHATTS/SO.M.MICRO  M. ) 


t:»- 

WkLLINC 
2.646E— 06 
■3.7136-06 
1.925fc-06 
6. 0575-06 
3.128E-06 
3.7896—0*6 


ALBEDO" 
.259 
.36  0 
.174 
.513 
"  .233 
.331 


SCALAR 

’BCWNSKIING 
__1. 9946-05 
2.0266-0*5“  " 
2. 1806-05 
2. 36  41-05 
2® 1906-05 
2.3255-05 


SCALAR 

uphellTKJg" 

.Z-,9156-06 
1.280E-05 
6. 0466-06 
1.6886-65" 
9.561F-06 
1. 1656-05" 


SCALAR  SCALAR 

*  total  Albeoc 

_2j>.786(.-05 _  ..397 

3.3065-05*  .632 

2.785k-05  .277 

4. 0565-05  .713 

3.146E-05  .436 

"T.4Wfe-05  .501 


ZENITH 
-ANGLE, 
93 
95 
100 
..  105. 
120 
15Q 
100 


FLIGHT  NO.  102 

-DIRECTIONAL  RtFL fcCTANCE  OF  BACKGROUND 
FILT.PS  . 

- 1 - 2. _  5 


6-184 


UM' 


DATE  4c 

7o9  FLIGHT  40. 

10?  GROUND 

LtVFL  ALTITUDE  1  H.l« 

38  IUP«l 

ALT!  TOilt 

TirAL 

SCATTjRINo  COEFFlClLNT  { PM  MITER) 

(M1TLRS) 

TILT.'.  S  1 

1 

1  4 

3 

Ci 

6.4  '0  >1.5 

4.1741  -03 

5.0480-43 

5.253’ -05 

A*; 

6. 379: -93 

4.93d ”-08 

1.666/— 03 

5.235,  -03 

61 

6.  148  -.3 

4.941  -05 

.1.6/41-05 

3.218c-05 

<11 

6.33/  -'5 

4.925  f—03 

9.6t  2L-J5 

3.200F-05 

12. 7 

ft.  .116  -  ’5 

4.906  -93 

1.649/ -45 

3, 1 831-05 

1  i? 

o.  -O'. 

4.39?'.  -08 

,. 6171.-05 

5.  166'.  -05 

133 

6.  ? /t  — .  ' 

4.876c-03 

3. 334.-35 

4.9931.-05 

211 

6.4 9/'  -05 

4.973—05 

>.4  '.OS— 05 

3.0102-05 

.'44 

6.  oTO'  -cf 

,.l3l> -05 

1.  5031-05 

3,1028-05 

✓  74 

o. ->7;i  -05 

4.1 13”  -04 

:-.5-’?l— 05 

5.039C-05 

.">5 

6.  344  -  *3 

3  d4  -  -34 

1.47oL-05 

3.0761 — 05 

335 

6.1.79  — J4 

5.226' -03 

1.275F-05 

5.1401-05 

>66 

t.  /39  -  '5 

3.224'  -03 

3.4641:— 05 

8. 198—03 

’96 

6.  78ft  —  4 

1  .254—05 

1.  119.'- 05 

5.154-05 

4#-  / 

o.*>40  -  > 

-.■■li  —04 

1.236;— 05 

S.145’:-05 

'57 

6.691 —  .>5 

'..?89  -05 

1. 2/.7F-05 

5.1921-05 

A 

708 

6.869  -i  5 

3.227; -08 

.1038-05 

5.1542-05 

510 

6.739  -  5 

8.??9  -c  5 

’.OSOO-OS 

5. 1C3T-05 

649 

6.  7Tc.  -v'3 

3.174  -03 

1.02?  —  05 

3.0925-05 

579 

6.  7  id. ”-43 

5.157-18 

”1.078.-05 

3.1745-05 

i>10 

e«  847t  -43 

J.143'-C5 

1.  1  c3»  —  13 

3.1C5t-05 

640 

T.O'-di  -"5 

-.111-  —95 

1.  14  11—13 

5.0841 — 05 

671 

6.909  -  3 

:».0c?.— 03 

1.443*  -  !3 

••.021F-05 

7'1 

O.970  -83 

4.911  -08 

9.4  36  —  !5 

3.045E-05 

732 

6. 3a?i  -03 

3,068  —  05 

i.2fcl'-65 

3.0181 — 05 

7c. > 

6. 791.-  5 

3.10’-- 13 

1.04  ,  -„5 

4.9951-05 

792 

6.734‘-’)3 

4.031c-05 

2.95c  -  '5 

•>.0906-05 

* 

.n 

6.  7581-05 

4.782,  -06 

3.1171-05 

3. 146E-05 

1 

a  33 

6.8531—05 

•♦.774  -05 

3.372'-05 

3.091E-05 

084 

6.881  -  5 

4.756.-93 

1.419—  5 

4.9031-05 

j 

H4 

/.J31/—-.3 

4.789  ’—08 

1.466.—  >5 

4.7641-05 

J 

>4  5 

/•  loO  .’-03 

4.731  "95 

3.384  -45 

4.799E-05 

976 

6.  3401-  15 

4.635 .-03 

3.3R2--15 

4.810E-05 

1016 

7.C  /3ft- 35 

4.663—05 

3.2/9 .— Cv 

4. 7861—05 

1£A6. 

7.U3' -95 

..  4.66i.—05 

3.U161—  )5 

.  4.7301-05 

j 

1067 

7.131:.-  5 

4.691.-05 

2.93.1'-  >3 

4.  760’ -05 

J 

.109  7 

...  7 ..065.1 -05 

-..6381—05 

2.9143-33 

4.740E-05 

\ 

1129 

0.434  -  .5 

715  — 05 

?.9C'  —  ’5 

4. 7281 -05 

1130 

6. 633- -05 

4.699.-05 

2.694—  .5 

4.7461-05 

.  j 

1 189 

"  6.638—05 

4.i>J<.’.-03 

2. 894c— 43 

476791-05 

] 

..  ...1.2X9- 

__  ...  _6O40l—  v5 

4.6435-03 

2.  A76..-05 

4.6041-05 

j 

1250 

6.  389  -<  3 

4.688i  -C'i 

’’.87  IF— C  5 

4.5411-05 

i 

1230 

6.481  -05 

4.609,  -03 

’.90  >'.—15 

4.5421-05 

1 

1311 

8.  7  10  —  5 

4.-91  -03 

2.40  lc-23 

4.517c-05 

1341 

4.  /■»■*  -  3 

4.451’  -03 

?. p95c— 4  5 

4. 4781-05 

J 

1  *•?' 

3.74j  -  i 

3. ’31 

2.93c,.- ”5 

4..37.-05 

14  !✓ 

6.  77  >  —  J.3 

-’.1.;l  -83 

i’.966i-03 

4.542--05 

1433 

8.674  -n* 

4.?23  -C 

1.023c-48 

4.4971-05 

-4 

14o  3 

6.  >ftj  -  .6 

!,??  ’  — C3 

J.063c— 05 

4.4721-05 

1 

j 

14  4 

6.38?  -  3 

'..1)7  -O3 

1.147-- !5 

4.414’ -03 

3 

13  '4 

4.  ■4/  -  , 

1.117.  -'”5 

J.loRt— 05 

4.933—05 

*  J 

1334 

6.3/5  -  )  5 

4. >67  —  ”5 

?.2--.l  -  .  > 

4.3011-05 

1 

1385 

6.748  -  •  | 

-t./-2/.  -C: 

1.2362— 08 

4.238>-05 

j 

lol4 

3.911  -  > 

“.034  -C-j 

}.714r— ’5 

4.148.-05 

lo4u 

>  •  /  8  -  -  4 

6.3l2- -43 

19t  -45 

4,1641  -05 

~i 

lo7o 

>•  7  > 0  -  '  3 

..4  97  -04 

c.1'4  — 

4.389  -85 

1  YU? 

1.  7)1  -  ;3 

4.4J21  -03 

3.  174  -03 

4.374  -’  5 

\ 

1737 

3.77j  -'.4 

4.467  —  08 

3.1638-  '.3 

4. 5o0  -93 

1 

1763 

5.7  9  -  ■- 

♦  .453_-/l  • 

3,1531.-13 

4.345  -05 

"t 

1  79- 

4.7ft  >,  -.”.4 

4.4131 

3.  142:- '5 

4.331F-05 

13?  I 

3«?,'l  —  3) 

4.423-  -93 

3.  1 128-43 

4. <171-05 

3 

FIRST  OAT A  alt.  7  7  •>  7  < 


LAST  ’.AT  A  At!.  r 7  5.  ‘A  33  >6. 
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>4  J  1 1  UJtA  t  lu  liki.4 .1  .ukii  1. 1  I'.i  . . ,  1 1 A  iu  IUu- JA  A  L  J .  Ui  1'a.i.  Ui  JllAll  ■ 


ALTITUDE 

METERS 

305 

610 

914 

1219 

1524 


FLIGHT  NO.  102  FlLTr*  NC.  1 

BEAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUOF 


93 

.6856867 

.4584288 

.3016732 

.1958894 

TT284W 


’  7ENITH  ANGLE-  OF  TATH  OF  SIGHT  (DEGREES) 


,7988318 
.6311805 
.4962786 
.3890266 
'V 3082595- 


10C 

.£933906 

.7937706 

.7035284 

.6225963 

".rsyim- 


105 
.9271552 
.2564518 
.  7S9a36'9 
.7276592 
.6728224 


120 

.9616053 

.9229209 

VMsmr 

.8482594 

'•SWSWS- 


150 

.9776495 

.9547457 

.'9319190 

.9093603 

-.mm2- 


180 

.9806148 

.9606877 

.9407641 

.9210100 

.9025211 


. FLIGHT  NO.  102  FILTER  NO.  2 

BtAMJTRANSMITTANCE  FROM  GROUND  TO  ALTITUDE  _ 

ITUDE  "  ZENITH” ANCLE  OF  PATH  OF  SIGHT  (DEGREES) 

METERS  93  96  UO  105  120  .  150  .  180 

305 . .7461081  .8400143  .9162178  .9429833  .9700683  '.9826080  .9849804 

610  .5459054  .6996909  .8359049  .8866926  .9396484  .9646984  .9693546 

914 . ”.'403¥96f . ."58832 37 "  "  .7662459  .8364109  ."9116786  .9486134  .9548183 

1219  .3010738  .4993822  .7057332  .7914969  .8359994  _  .9325039  ,9412754 

'1524  .'2176189  ,4280340  .6531836  "  "  .7514543  ".862"5066  .9181474  .9287123 


. Flight  no.  102  filter  no.  3 

8FAM  TRANSMITTANCE  FROM  GROUND  TO  ALTITUDE 
ALTITUDE  . .  ZENITH  ANGLE  OF  PATH  UF  SIGHT  (DEGREES) 


METERS 

93 

95 

100 

105 

123 

150 

180 

305 

'.8099668 

.8321173 

.9389260 

.9586417 

.0783734 

.9874562 

.9891276 

610 

.6673804 

.7879063 

.8872368 

.9228656 

.9592997 

.9762956 

.9794385 

914 

.5466788 

.7628255 

.8377824 

.8880283 

.9403308 

.9651325 

.9697323 

__ 

.4510600 

.6311367 

.7937431 

.8564318 

.9229097 

.9547390 

.9606819 

1524 

.3729544 

.5687881 

.7533681 

.8269535 

9063273 

.9447970 

.9520122 

FLIGHT  NO.  102  FILTER  NO.  5 

BEAM  TRANSMITTANCE  FRflM  GROUND  YG^ALUTU.Ot.  _ 

ALTITUDE  ZENITH  ANGLE  OF  PATH  OF  SIGHT  (DEGREES) 


METERS 

9  3 

95  . 

100  , 

10S 

_ 12.0 

150 

180 

305 

.7394849 

.835588? 

.9137916 

.9413072 

.9691753 

.9820857 

.9844670 

610 

.5435968 

.6960110 

.8348970 

•8E59752 

.9392547 

.9644650 

.9691516 

914 

.3998899 

.58536,6 

.7643091 

'  ‘.'8349919" 

'.9108Y70 

.9475324 

.9543988 

1219 

.2973636 

.4958391 

.7032156 

^123*013! _ 

_ _»J5849004 

_ *m&m. 

.9406915 

1524 

.2289041 

.4235503 

.6497405 

.7487943 

.8609249 

.9171749 

.9278604 
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FtlCHf  'iU.  102  FlLTt.i  ‘*0.  1 

PATH  4ADIANC:  Fi'.MM  GRl.UNO  TO  ALTITUDFtHATTS'SrRF.SC.M  **ICRO  M.  I 
AlTlTUtie  21  Nil H  ANOLfc  OF  PATH  OF  TIGHT  tnEC»EESS 


N6T6RS 

n 

9*. 

100 

106 

120 

150 

IriO 

3J5 

1366-07 

?60i  -07 

1.021 L-07 

1.U2l-I'7 

->.2156-08 

2.4671 -08 

1.983t-08 

610 

9.033.  -07 

1.461'  -07 

2.475e-C7 

2. Of  66-07 

9.614R-0K 

4.649*-08 

3.764F-0P 

914 

>  • 7310-07 

7.011ii-07 

4.G326-07 

2.7*81-07 

1.3566-07 

6.7276-08 

5,4966-06 

1216 

1« 11*6-06 

S.44TF-07 

5.0966-07 

3.5676-07 

1 . 798L-07 

9. 1025-08 

7.460t-08 

1524 

1.205E-’6 

9.5096—07 

5.9206-07 

4.252r-07 

2.  1751-07 

1. 1106-07 

9.1066-08 

^.luHr  no.  I*? 

HLl.'F 

\G*  2 

PATH  ,'AL'IAMCE  FROM  GkCUFC 

TP 

ALTlTUnf-lHATTS/STFfi.TC.M 

MICRO  M.J 

AL  TT  TUO'E 

£.’  MTH  ANGLE 

|>F  ,-ATH  OF 

SIGHT  ('JEG'HtSl 

MET6RS 

93  95 

ICO 

135 

120 

150 

ICO 

JOS 

4.^666  -07  2.6616-3? 

1.357E-07 

rt.)4UE-06 

4.225--C8 

/ .0156-00 

1.610;  -  48' 

610 

7.. 5226-07  4.9961—07 

2.6C42-C7 

1.740E-07 

3. 2922-06 

3.976!  -08 

3. 1976-08 

914 

1.1/02--0*  6.848:— 07 

3.723F-C7 

2.522F-C-7 

1.2216-07 

5.9471 -08 

‘*.803  -0?. 

1219 

1.174C-06  8.3286-07 

«, 7336-07 

3.c55t-07 

1. 6116-07 

7.990F-08 

6  >460r— 0** 

1524 

1.29j.-06  9.  5156— 0  / 

9.6696-07 

3. 8866-07 

1  *  9446—07 

9.658E-08 

7.6071-03 

FU1HT  10.  102 

F1LTF0 

40.  : 

HAIfiLSAjUAflCb  FROM  .(,R«UNU 

TC 

Al.TlTU.peO**.TTS/5TtR.SV.R 

MICRO  M.) 

ALTITUOt 

2LM1H  ANGLL 

OF  PATh  OF 

SIGHT  (CEGRE6S) 

MbTtltS 

. 7.3.  9* 

i  >0 

105 

120 

150 

1-10 

305 

7.632—07  ♦.710T-0  7 

2. 3896-07 

1, 5716- C7 

7.  203r' 

'66-08 

2. 3903-08 

olO 

,1,2196-. 6  7.7226-0/ 

4. 023.-07 

2.6746-07 

1.23SL 

;5c-08 

4.202F-08 

914 

1. 5526-06  1.0151-06 

5.4346-07 

J.636E-07 

1.7006  , 

08E-08 

5. 9411-08 

1219 

1. 925E-06  1.286—06 

7.0376-07 

4.7476-07 

2.2416-07 

. .0116-07 

7.891E-08 

1524 

2»244E—06  l#t>i2r-06 

8.6o2_-07 

5.9276-07 

2.7816-07 

1.255r-07 

9.768F-06 

FLKHT  .0.  n?  FILTER  HC.  5 

PATH  'A  JIAW;  FROM  'tCU..C  TO  ALTITUOEIHATTS/STI l.SG.F  MICRO  F.) 
ALT1  CU'ib  <M1H  A«iol.-  UF  PATH  !‘F"  SIGHT  (OEGTEESI 


NE1.:R4 

9  3 

100 

105 

120 

15  1 

16C 

1  ;5 

0.1616-07 

-07 

1.96  56-07 

1 .2976-07 

5.1411  -OR 

2.964.--08 

2.4023-08 

310 

l  •  1641*— Do 

7# AO Oh- V 

4.0496-0/ 

2.714C-OY 

1.299!  -C7 

6.189’ -08 

4.9736-08 

014 

1 . >131— v6 

1.033:- — ' ‘o 

6.7066-07 

3.8726-07 

1.8?6r-C7 

9.110—02 

7.3691-08 

1219 

1.9326— 36 

7 .7331-07 

5.315c-C7 

2.625L-C7 

1 .2901-07 

1.0436-07 

1  524 

f .  1376-Ot 

1«  5'j'/f-0fc 

1.1  646-07 

6.3  736-07 

3. 188* -07 

1.580  -C7 

1.2806-C7 
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FU 

i,HT  NO.  102 

F I L I E  .< 

NO.  1 

01  Rtcl  ILNAl  PATH  RFFLECTA.iCt 

FROM  GROUND  TO  ALTITUDE 

ALT  1 1 ODE 

Z  HITH  A." OLE 

OF  PATH  OF 

SIGHT  {DEGREES! 

Mu  TOSS 

9> 

IOC 

105 

1 2o 

150 

130 

(  5 

#•164*  -  Jl 

1.723F-CI 

7.9*96-02 

5.0676-02 

2.2911—02 

1 .0666-02 

8.S40E-03 

MO 

f  o407»  **y  1 

.643.,-M 

1. 5336-91 

9.394F-92 

4.4011  -02 

2*0576-02 

1.6556-02 

01* 

1  •  3t>  3  *  Ctr 

:..9<.e;--oi 

2.421 b-Dl 

1.480E-01 

6.4736-02 

3. 0SCE-02 

2.4686-02 

1219 

?.#407f  00 

9.173E-01 

3.45H6-C1 

2.O71E-01 

8.941E-0? 

4.2286-02 

3.4216-0’-' 

16?4 

no 

1.303F  00 

4.560L-01 

?.o706-01 

1.128C-01 

5.279E-02 

4.262E-02 

FLIGHT  NO.  102 

1  1LTT  < 

NO.  2 

DIRECTIONAL  PATH  REFLECTANCE 

FROM  CRGUNO  TO  ALTITUDE 

ALT  1 1IJ.E 

ZCNITH  ANGLE 

OF  PATH  OF 

SIGHT  (DEGRFES) 

MuTiRi, 

)? 

it: 

100 

105 

120 

15- 

1J0 

305 

2.3956-U 

i.3»7f-ri 

6.2026-02 

3.9736-0.- 

l.824l-.,2 

8.5871-03 

6. 844, -O’1 

MO 

5r850fc-01 

2.9S9F-01 

1.3  946-01 

8.216E-02 

3.6951-02 

1.7276-C? 

1.3816-02 

*;  14 

1 . 040  u  00 

4.8746-01 

?.C  151-01 

1 . 262E-01 

5.607E-J2 

?. 6261—02 

2.  106.— 0  > 

12U 

1.633c  0. 

6.932L-C1 

>.  jJflr—U 

1.722L-01 

7.6146-02 

3.587F-02 

2.874--0- 

1324 

2.325c  0  1 

5.3076-01 

3.5o2c-uT 

2.1656-01 

9.436E-02 

4.4046-02 

3.520.-02 

FL1 

5HT  NO.  lL'2 

FllTM 

NO.  3 

DIRECTIONAL  path  reflectance 

FROM  GRODNO  TO  ALTITUDE 

ALTITUDE 

ZENITH  ANuLE 

OF  PATH  OF 

SIGHT  {DEGREES! 

M6T-RS 

‘.3 

-> 

It  9 

105 

120 

150 

130 

■u5 

2.534F-C1 

1.4356-01 

6.bJ6i-02 

4.405E-02 

1.978F-02 

3.48 1F-03 

6.4936-0?. 

.  910 

4. 8936-0 i 

2.6346-01 

1.2206- -01 

7.786E— 02 

3.469fc-02 

1.496E-02 

1.1536-02 

914 

7.6296-01 

i.aa2t-oi 

1.743F-01 

1 • tOPE-Ol 

4.857E-02 

2.1136-02 

1 .6466-02 

_ L2ii 

.  J..I4/D  DO 

5.4?bc-01 

2.332E-01 

1.489E-01 

j6«527£-02 

2.845E-02 

2.2076-0.' 

1524 

1.61 /c  00 

/.237r~’>l 

3.C546-C1 

I.S94E-01 

8. 2466-02 

3.570E-02 

2.757c-02 

FLIGHT  NO.  102  FILTE2  .NO.  5 

OIRECIIQMAL  PATH  REFLECTANCE  FROM  GROUiiH  TO  ALTITUDE 
ALTITUDE  ZENITH  ANCLE  OF  PATF  OF  SIGHT  (DEGREES) 


METERS  .. 

S.3..  ... 

75 

100 

105 

120 

305 

2. 56 36-01 

1.41o'i-'  1 

6.607u-02 

*.2386-02 

1.949E-02 

610 

O.5386-01 

3.354.-01 

1.492E-01 

9.423E-02 

4.2546-02 

914 

l".  1646  00 

5.429E-01 

2.2976-Ci 

1.426E-01 

6.341E-02 

150 

9.E856-03 

1.974E-C2 

2.958E-02 


_ 1Z13 _ L».999£__ili‘ _ 8.42it.-0JL... 

152*  2. 9496  00  1.1316  00 


_a^as3L-"i 

4,3396-01 


.  -Z*j',zu=m _ 

2.6186-C1 


1.1396-01 


.4.2606-02 

S.296E-02 


180 

T.hQTr-C, 

l.:>79--0? 
2.375E-0 ' 
3.A1Z>02 
4.2426-02 


6-188 


n.4.  DATA  INTERPRETATION 

NIGHT  SKY  IRRADIANCE 

A  summary  of  the  irradiance  from  the  u|)per  hemisphere  calculated  from  the  sky  radiances  at  the  lew 
est  altitude  of  flight  is  presented  in  Table  6  3  The  flights  are  arranged  in  order  of  increasing  irradiance 
for  Filter  5.  The  range  is  from  overcast  starlight  Flight  89  at  6.2  E-6  watt  m~2  /im'1  to  1.8E-3  watt  m~3  //m_1 
for  full  moon  Flight  99,  an  increase  by  a  factor  of  300.  The  irradiances  tabulated  in  Table  6-3  are  those 
used  to  obtain  the  values  of  R*(z  ft,</>)  for  each  flight.  The  smaller  irradiance  for  Filter  4  for  Ine  overcast 
Flight  821  is  probably  real,  although  the  measurement  was  marginal  at  that  flux  level. 

The  phase  angle  of  the  moon  is  included  in  the  th.rd  column  of  Table  6-3,  since  for  unclouded  condi¬ 
tions  after  moonrise  the  phase  angle  of  the  moon  indicates  the  compaiative  contribution  of  the  moon  to  the 
irradiance  level.  The  relative  irradiance  as  a  function  of  phase  angle  according  to  Russel  (1916),, 
is  presented  in  Fig.  6-1.  This  is  the  relative  irradiance  on  a  flat  plate  normal  to  the  vector  fiom  the  moon 
It  is  the  equivalent  of  the  moon  scalar  irradiance.  In  addition  to  the  moon  phase  angle,  the  transparency 
of  the  atmosphere  and  the  zenith  angle  of  the  moon  affect  the  moon  contribution  to  the  total  downwellmg 
irradiance. 


iMK.  H-l.  Relative  Irr.uli.iiuv  Due  t<>  the  Moon  ns  a  Function  of  Phase  Angle 


The  fliglits  can  be  easily  grouped  into  three  irradiance  or  flux  levels  d  I  The  low  flux  level  flights 
were  those  made  during  starlight,  moonlight  with  moon  phase  angles  between  180  and  150  ,  and  overcast. 
(2)  The  intermediate  flux  level  flights  were  those  made  when  the  moon  phase  was  quarter  moon  or  90 
phase  angle  i.e  when  it  appeared  as  a  half  disk.  The  moon  phase  angles  for  flights  in  this  category 
were  between  70°  and  102°.  (3)  The  high  flux  level  flights  were  when  the  moon  phase  angles  were  be 
tween  0°and  40°.  These  flights  aie  described  as  full  or  near-full  moonlight 
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1  able  6-3.  Downwelling  Irradiance  H(z,d)  watt  m“2  /tm-1  for  Lowest  Flight  Altitude 


Flux 

Level 

Flight 

No 

Moon  Phase 
Angle 
(Degrees) 

1 

2 

Filters 

5 

3 

4 

Avg  Alt 

Above  Ground 

Level  (m) 

Starlight 

89 

Before  Moonrise 

6.20  E-6 

5.58  E-6 

6  19E  6 

9  71  E-6 

- 

362 

101 

Before  Moonrise 

- 

6  43  E-6 

9  58  E-6 

164 

102 

Before  Moonrise 

7  44  E-6 

7  50  E  6 

1  02  E  5 

1  1 7  E-5 

- 

152 

8811 

Before  Moonrise 

8.35  E-6 

9.66  E-6 

1.12  E-5 

1.48  E-5 

- 

779 

881 

Before  Moonrise 

9.08  E-6 

1.10  E-5 

1.16  E-5 

1  54  E-5 

- 

1 96 

87 

Before  Mooi."i,-e 

8.75  E-6 

9  39  E-6 

1.33  E-5 

1  57  E-5 

- 

191 

821 

101 

3.14  E-5 

3.17  E-5 

3  35  E-5 

3.31  E-5 

1  26  E-5 

357 

Quarter 

Moon 

93 

83 

3.54  E-5 

4.00E-5 

5  53  E-5 

4.87  E-5 

- 

291 

8211 

102 

7  49  E-5 

4,90  E-5 

9  05  E-5 

5.82  E-5 

- 

332 

92 

70 

7.94  E-5 

8.64  fc-5 

1.21  E-4 

1 .08  E-4 

- 

168 

96 

95 

1.04  E-4 

1.32  E-4 

1.25  E-4 

1  39  E-4 

- 

247 

97 

71 

4.21  E-4 

3.34  E-4 

2.63  E-4 

4.14  E-4 

- 

164 

Full 

Moon 

1001 

11 

5.58  E-4 

3  94  E4 

6  37  E-4 

5.84  E-4 

3. 79  E-4 

220 

98 

37 

8  22  E-4 

9.57  E-4 

9  36  E-4 

8.27  E-4 

6.27  E-4 

139 

91 

40 

8.78  E-4 

9.46  E-4 

1.00  E-3 

1 .28  E-3 

9.41  E-4 

178 

86 

14 

1.65E-3 

1  89E-3 

1.03  E-3 

8.77E4 

1  60  E-3 

184 

99 

2 

1.66E-3 

1 .61  E-3 

1.79  E-3 

1 .86  E-3 

1.22  E-3 

225 

*  Except  for  Filter  !  at  502  m. 


Variability  of  Irradiance  from  Upper  Hemisphere.  For  the  quarter  moon  and  full  moon  flights  down 
welling  irradiances  are  often  more  varied  with  altitude  and  less  consistent  fi  Iter-to-fi  Iter  than  for  low  light 
level  f’ights.  This  is  because  the  downwelling  irradiance  is  directly  affected  when  scattered  clouds  ob¬ 
scure  or  partially  obscure  the  moon  during  portions  of  the  flight.  The  major  sources  of  variability  for  the 
low  light  level  flights,  artificial  lights  and  lightning,  have  been  largely  eliminated  during  data  processing, 
but  no  attempt  was  made  to  reduce  the  variability  for  the  moonlight  flights. 

Sky  Radiance.  The  nighttime  low  flux  level  sky  radiances  for  Filter  5,  from  which  the  downwelling  ir 
radiance  was  computed,  are  graphed  in  Fig.  6-2.  These  are  the  average  sky  radiances  (for  all  zenith  an 
gles)  for  the  lowest  flight  altitude  (column  9  of  Table  6-3).  Each  curve  shape  is  typical  for  the  flight  and 
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DIRECTIONAL  REFLECTANCE  OF  TERRAIN 


The  tables  of  directional  reflectance  of  the  background  (terrain)  presented  with  each  Might  are  derived 
from  data  obtained  with  the  lower  scanner  at  the  lowest  flight  altitude  This  instrument  is  a  telephotom¬ 
eter  with  a  5 ’circular  field  of  view.  The  tabular  values  of  reflectance  therefor*!  relate  to  an  average  radi 
ance  throughout  that  field  of  view.  It  is  completely  possible  that  no  part  of  the  terrain  has  that  value  of 
reflectance.  Almost  certainly  objects  of  interest  will  be  located  on  a  background  having  a  different  re¬ 
flectance  than  that  tabulated  for  the  terrain.  That  is  why  this  report  includes  as  many  directional  reflec¬ 
tances  of  background  terrain  (airborne  measurements)  and  background  reflectances  (ground-based  measure¬ 
ments  [refer  to  Section  71 )  as  possible.  This  provides  appropriate  values  for  generating  contrast  trans 
mittance  for  a  given  problem.  The  effect  of  background  reflectance  on  the  contrast  transmittance  is  not  a 
trivial  one.  Care  should  be  used  in  selecting  the  appropriate  value  for  use  in  specific  problems. 

Summary  Table  6-4  presents  airborne  data  on  the  directional  reflectance  of  the  terrains  for  the  nadir 
path  of  sight.  The  parenthetical  values  are  derived  from  the  large  aperture  telephotometer  nadir  values  and 
the  downwelling  irradiance  computed  from  the  sky  scanner  data  for  the  lowest  flight  altitude,  the  values 
are  not  included  in  the  directional  reflectance  tables  provided  with  each  flight. 

The  reflectance  values  for  the  nadir  path  of  sight  are  presented  for  conceptual  purposes  and  because 
of  nadir  telephotometer  data  availability.  The  paths  of  sight  most  pertinent  to  SHED  LIGHT  are  of  shallow 
inclination,  ie„  zenith  angles  between  93'  and  105".  Unfortunately,  for  these  paths  of  sight  the  terrain 
reflectances  from  the  airborne  data  often  exceeded  unity,,  thereby  indicating  the  presence  of  lights  from 
villages  over  land  and  fishing  boat  lanterns  over  water.  The  nadir  values  are  more  indicative  of  actual 
terrain  reflectance. 

The  higher  water  reflectances  for  the  wet  season  (Flights  87  and  881)  compared  to  those  of  the  dry 
season  (Flights  101  and  97)  probably  indicate  the  presence  of  dirt  or  mud  suspended  in  the  water  due  to 
runoff  from  rains.  Without  suspended  matter,  the  water  reflectance  should  be  lower  in  the  red  (Filters  3 
and  4)  than  in  the  green  and  blue  (Filters  1„  2,  and  5)  as  indicated  by  Flight  97.  Water  with  suspended 
matter  should  have  spectral  reflectance  characteristics  similar  to  the  characteristics  of  the  matter  itself,, 
i.e.,  muddy  water  takes  on  the  color  of  the  dirt  suspended  in  it.  The  increase  in  overall  reflectance  for 
Flights  87  and  881  and  the  fact  that  the  Filter  3  reflectance  is  greater  than  the  Filter  1 , 2,  and  5  reflec¬ 
tances  may  be  attributed  to  the  above  phenomenon. 

The  chlorophyll  which  is  present  for  growing  vegetation  shows  clearly  in  the  low  reflectance  measured 
with  Filter  3  and  the  high  reflectance  measured  with  Filter  4  m  Flight  821. 

In  Table  6-4,  columns  2  and  3  present  the  moon  phase  angle  and  zenith  angle  as  information  descrip 
ttve  of  the  moon  contribution  to  the  irradiance 


TOTAL  SCATTERING  COEFFICIENT  AND  BEAM  TRANSMITTANCE 

A  direct  measure  of  air  clarity  is  the  atmospheric  attenuation  coefficient.  From  this  the  beam  trans 
mittance  is  calculated.  The  attenuation  coefficient  is  the  sum  of  the  total  scattering  coefficient  and  the 
absorption  coefficient.  If  there  is  no  absorption,  the  attenuation  coefficient  is  numerically  equal  to  the 
total  scattering  coefficient  and,,  in  this  case,  the  total  scattering  coefficient  is  valid  for  use  in  beam  trans 
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Table  6-4.  Directional  Reflectance  of  Terrain  for  Nadir  Path  of  Sight  at  Lowest  Flight  Altitude 


Moon 

Avg  Nadir  Terrain  Reflectance 

Phase  Zenith 


Terrain 

Angle 

(Degrees) 

Angle 

(Degrees) 

Flight 

No. 

1 

2 

Filters 

5 

3 

4 

i 

1 

! 

i 

Water 

(Before  Moonrise) 

87 

0.0790 

0.0870 

0.103 

0  127 

- 

1 

Water 

(Before  Moonrise) 

881 

0  0756 

0.0781 

0  0948 

0.129 

- 

1 

1 

Water 

(Before  Moonrise) 

101 

- 

- 

0.0494 

- 

- 

j 

Water 

71 

42 

97 

0  0386 

0.0433 

0.0560 

0.0295 

(0.0289) 

\ 

Cultivation  with  trees 

(Before  Moonrise) 

88 II 

0.0718 

0  0845 

0.117 

0.116 

- 

* 

Rice  paddies  &  villages 

Wet 

(Before  Moonrise) 

89 

0  0810 

0.171 

0.194 

0  214 

- 

I 

Rice  paddies  &  villages 

Brown  and  dry 

(Before  Moonrise) 

102 

- 

- 

0  148 

- 

_ 

» 

\ 

Rice  paddies  &  villages 

Brown  and  dry" 

70 

64 

32 

0  0482 

0  0777 

0.0598 

0.103 

(0.230  ) 

Rice  paddies  &  villages 

Brown  and  dry 

40 

14 

91 

0.0625 

0.0723 

0.0813 

0.121 

0  0736 

i 

i 

5 

j 

Rice  paddies  &  villages 

Brown  and  dry" " 

37 

6 

98 

0  0786 

0.0764 

0.0616 

0.139 

0.250 

! 

Grass  &  deciduous  trees 

Overcast 

101 

78 

821 

0.0294 

0  0495 

0.0461 

0.0740 

0.567 

i 

i 

Deciduous  trees  &  scattered 
rice  paddies  -  wet 

102 

56 

8211 

0  128 

0.129 

0  0659 

0  108 

- 

i  ■ 

Deciduous  trees  &  scattered 
rice  paddies  -  wet 

14 

12 

86 

0  0153 

0.0388 

0  0649 

0.0897 

0.275 

\ 

Deciduous  trees  &  scattered 
rice  paddies  -  drv 

95 

54 

96 

0  0910 

0.0889 

0.129 

0.205 

(0.425  ) 

t 

( 

1 

5 

l 

Deciduous  trees  &  scattered 
rice  paddies  -  dry 

83 

68 

93 

(0  045  ) 

(0.047  ) 

0.0678 

(0.12  ) 

(0.218  ) 

Deciduous  trees  &  scattered 
rice  paddies  -  dry 

11 

60 

1001 

0  0600 

0.0991 

0.0894 

0.152 

0.144 

j 

i 

\ 

s 

Deciduous  trees  &  scattered 
rice  paddies  -  dry 

2 

42 

99 

0  0471 

0.0761 

0.0867 

0.0468 

0.222 

_-i 

4 

1 

i 

'  In  dry  season  visual  report  made  of  moon  reflections  on  water. 

*•  Artificial  ground  lights  noted. 

( )  Values  in  parenthesis  are  from  the  large  aperture  telephotometer  values  at  the  nadir  and  downwelling  irradiance. 
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nuttance  calculations.  If  there  / s  absorption,  the  beam  transmittance  calculated  from  the  total  scattering 
coefficient  will  be  in  error,  the  error  being  that  the  real  beam  transmittance  will  be  less  than  the  calcti 
lated  beam  transmittance. 

The  nighttime  operations  of  Project  SHED  LIGHT  precluded  the  use  of  an  attenuation  meter  (refer  to 
Appendix  A)  which  in  its  operation  requires  a  higher  level  of  ambient  flux  than  is  available  during  twi 
light  and  nighttime.  Accordingly,  the  scattering  meter  (integrating  nephelometer)  described  in  Section  3 
was  developed.  This  instrument  has  its  own  light  source  and  operates  indejrendently  of  the  ambient  flux 
level.  However,  it  measures  only  the  total  scattering  coefficient  it  does  not  measure  the  attenuation  co 
efficient  or  account  for  absorption.  Examination  of  data  from  the  field  trip  made  in  the  Sirring  of  1969.  the 
dry  season,  suggests  a  possibility  of  atmospheric  absoiption.  An  analysis  follows 

Table  6-5  is  a  listing  of  the  total  scattering  coefficients  foi  zero  altitude,  obtained  by  extrapolation 
from  the  lowest  altitude  where  data  were  recorded,  and  the  atmospheric  beam  transmittance  calculated  from 
the  total  scattering  coefficient  for  the  vertical  path  of  sight  between  1524  meters  and  the  ground  AH 
these  data  are  Filter  5  data,  the  flights  are  arranged  in  two  groups,  those  made  during  the  wet  season  and 
those  made  during  the  dry  season.  The  arrangement  in  each  group  is  by  descending  values  of  total  scat 
tering  coefficients.  The  spread  of  the  total  scattering  coefficients  within  each  group  is  comparable  for  the 
two  groups.  In  the  first  group  the  spread  is  from  2  OOE-4  m~ 1  to  4  19E-5  nr  1  In  the  second  group  the 
spread  is  from  2.19E-4  m'1  to  4.03E-5  m_1.  These  values  in  the  second  group  appear  to  be  inconsistent 
with  the  haze  conditions  described  for  those  flights.  There  are  two  reasons  that  might  explain  this  incon 
sistency.  As  stated,  these  values  are  extrapolated  from  data  recorded  at  the  lowest  altitudes  where  the 
aircraft  could  fly  safely.  The  haze  concentrations  were  at  the  lower  altitudes,  possibly  below  the  lowest 
recording  altitude  (it  is  difficult  at  night  to  determine  if  this  is  so)  Thus,  the  validity  of  the  extrapolation 
procedure  is  questionable. 

The  second  possibility  is  that  the  haze  particles  were  absorbing.  There  was  no  instrumentation  carried 
in  the  C-130  aircraft  by  which  this  could  be  determined.  If  there  was  absorption,  the  attenuation  coeffic¬ 
ients  for  ground  level  would  be  greater  than  the  total  scattering  coefficients  listed  in  Table  6-5  and  trans- 
mittances  calculated  from  the  total  scattering  coefficients  would  be  in  error  by  being  too  high. 

All  flight  operations  were  conducted  under  VFR  conditions,  or  better.  If  ''visibility''  is  defined  as  a 
transmittance  of  0  05  and  if  the  visibility  so  defined  is  3  statute  miles,  as  required  for  VFR  operation,  the 
attenuation  coefficient  is  6,2 E-4  m~*.  Thus  that  attenuation  coefficient  represents  a  high  limit  which 
would  not  be  exceeded.  The  largest  scattering  coefficient  In  Table  6-5  is  for  Flight  93  (dry  season)  and  is 
2.19 E-4  m”1,  which  is  about  one  third  of  the  attenuation  coefficient  for  minimum  VFR  weather. 

The  minimum  total  scattering  coefficient  4.03E-5  m~ !  was  for  Flight  101  made  during  the  dry  season 
over  the  Gulf  of  Siam,  This  is  compared  to  1  54  E  5  m'!  which  is  the  scattering  coefficient  for  a  Rayleigh 
atmosphere  at  sea  level  pressure  and  O'C  and  which  represents  a  lower  limiting  value  of  the  scattering 
coefficient  The  value  of  4  03E-5  m~‘  is  probably  not  as  high  as  it  should  be.  again  because  of  question 
able  extrapolation  procedure  and  possible  absorption  in  the  atmosphere  haze 

Mie  volume  scattering  functions  were  combined  with  Rayleigh  scattering  functions  to  obtain  the  proper 
tional  directional  scattering  functions  used  to  compute  equilibrium  radiance  for  each  path  of  sight  These 
Mie  volume  scattering  functions  were  derived  from  Barteneva  (1960)  proportional  volume  scattering  func¬ 
tions  by  use  of  the  equation 

M[<?(z,/3)/s(z)l  =  -[s(z)Mz,^i  s(z)i  -  Bs(zi  Rlr m/3)-  s!}  -Ms(z)  (6  2) 
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and  were  designated  by  numbers  corresponding  to  the  numbered  Barteneva  volume  scattering  function  from 
which  they  were  derived.  The  Filter  5  total  scattering  coefficient  at  each  data-taking  (level  flight}  alti¬ 
tude  was  the  basis  for  the  selection  of  the  appropriate  Mie  volume  scattering  function.  These  selected 
functions  for  the  highest  and  lowest  altitudes  are  listed  in  columns  4  and  5  of  Table  6-5.  The  Mie  propor 
tional  directional  scattering  functions  for  the  range  of  catalog  numbers  used  for  data  reduction  are  graphed 
in  Fig.  6-3. 


Table  6-5.  Total  Scattering  Coefficients  and  Vertical  Seam  Transmittances  (all  Filter  5  data) 


Flight  No 

Total  Scattering 
Coefficient 

s(0)(m'!) 

Vertical  Beam  Transmittance 

TiS  24(1524,180") 

Mie  Volume 

Scattering  Function 
Minimum  Maximum 

Altitude  Altitude 

Wet  Season 

8211 

2  00  E-4 

0  781 

5 

4 

89 

1  72E-4 

0  800 

4 

4 

821 

1  59E-4 

0.805 

5 

4 

87 

1  10  E-4 

0  859 

4 

4 

881 

9.86  E-5 

0.877 

4 

4 

88 II 

9.1 1  E-5 

0.883 

4 

4 

86 

4.1 9  E-5 

0  950 

3 

2 

Dry  Season 

93 

2.19E-4 

0.724 

5 

5 

92 

1 .88  E-4 

0.794 

5 

4 

100 II 

1  41  E-4 

0  817 

- 

- 

96 

1.07  E-4 

0,887 

3 

4 

91 

9.01  E-5 

0  867 

4 

4 

1001 

6.24  E-5* 

- 

4 

4 

102 

5.25  E-5 

0  928 

3 

3 

99 

5  15  E-5 

0  927 

3 

4 

98 

5.06E-5 

0.926 

3 

4 

97 

4.71  E-5 

0  936 

3 

3 

101 

4.03  E-5 

0.937 

3 

3 

This  value  is  not  an  extrapolated-to-ground-level  value  It  is,  instead,  the  value  recorded  during 
the  lowest  altitude  where  level-flight  airborne  data  were  recorded. 


The  numbers  represent  the  Barteneva  volume  scattering  functions  from  which  these  Mie  data 
were  derived. 
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Fig.  fi-3.  Mie  Proportional  Directional  Volume  Scattering  Function.*  Used  in  the  Calculation* 
of  Equilibrium  Radiance 

The  total  scattering  coefficients  for  the  flights  during  the  wet  season  decreased  with  increased  alti¬ 
tude  and  were,  in  general,  smoothly  changing  altitude  functions  These  coefficients  also  were  greatest  for 
short  wavelength  and  the  least  with  the  increase  of  wavelength  The  total  scattering  coefficients  for  the 
dry  season  flights  did  not  necessarily  decrease  with  altitude  and  graphs  of  these  functions  usually  had 
more  structure  with  change  of  altitude  than  those  of  the  wet  season.  The  graphs  also  show  that  while  the 
coefficients  were  usually  greatest  for  short  wavelengths  and  the  least  with  the  increase  of  wavelength, 
the  graphs  for  data  from  Filters  "  '  2  crossed  and  recrossed  with  change  of  altitude  for  Flights  96,  97, 

and  99. 


PATH  RADIANCE  AND  EQUILIBRIUM  RADIANCE 

The  path  radiance  is  calculated  from  the  values  of  equilibrium  radiance  for  a  given  path  of  sight  by 
means  of  Eqs.  2-13  and  2-14.  It  enters  into  the  equation  for  contrast  transmittance,  Eq.  2-2.,  into  the  equa¬ 
tion  for  directional  path  reflectance,  Eq.  2-4,  and  into  the  equation  for  computing  apparent  radiance 
Nr(z,0.<£); 


Nr(z,fl,<5)  =  N Jzx.0,</>)  Tr(z ,0)  +  Nr(z,0,(£)  . 
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In  general,  path  radiance  decreases  with  increasing  wavelength 

The  apparent  radiance  of  the  terrain  and  other  backgrounds  or  objects  tends  to  approach  the  equilibrium 
radiance  of  that  path  of  sight.  Equilibrium  radiance  generally  tends  to  oe  relatively  invariant  with  altitude 
This  is  illustrated  in  Fig,  6-4  using  Flight  821  Filter  5  data  for  the  vertical  downward  path  of  sight  between 
ground  level  and  altitude  The  terrain  reflectance  measured  from  the  airplane  at  the  lowest  altitude  was 
0.046.  The  terrain  consisted  of  deciduous  trees  and  tall  grass.  The  apparent  radiance  of  the  terrain,  as 
computed  with  Eq.  6-3  above,  is  shown  on  the  graph.  It  increases  with  altitude  always  approaching  the 
curve  of  equilibrium  radiance  for  that  path  of  sight.  A  second  apparent  radiance  curve  is  given  for  a  light 
yellow  road  surface  of  0  50  reflectance.  This  radiance  decreases  with  altitude  as  it  tends  toward  the  equi¬ 
librium  radiance.  The  equilibrium  reflectance  was  0  264  at  ground  level  and  0.33  at  1585  m.  This  is  about 
the  same  reflectance  as  the  beach  sand  measured  at  the  ground  station  on  19  October  1968,  average  re¬ 
flectance  range  was  0.28  to  0.33  (assuming  the  nadir  reflectance  is  similar  to  the  reflectance  at  zenith 
angle  range  of  92'  to  96  ').  An  apparent  radiance  curve  for  the  beach  sand  would  be  nearly  equivalent  to 
the  equilibrium  radiance  curve  shown  in  Fig.  6-4. 


Fig.  t>-4 .  Kquilihrium  K*idi<nu*«  mid  Apparent  Kndinnc-e  for  the  Vertical  Downward  Path  of  Sight 
from  ('.round  lawel  to  Altitude,  lot  Filt.-i  5  Flight  M2I. 


The  contrast  transmittance  can  be  expressed  as  the  beam  transmittance  times  the  ratio  of  inherent  to 
apparent  background  radiance 


,rr(z Tr<z,t»hN„(zt,fM)  bNr(z.f>,6) 


(6-4) 


6-197 


5 


| 


I 

!  < 


I 


I 

I 


% 

I 

i 

5 


s 


ft«WtW****WI«*  |«  ««»'"  . . . 


When  the  background  reflectance  is  equal  to  the  equilibrium  reflectance,  the  contrast  transmittance  is 
equal  to  the  beam  transmittance  This  is  illustrated  in  Fig.  (5-5.  The  middle  curve  is  beam  transmittance. 
It  might  also  be  the  contrast  transmittance  against  a  beacn  satid  of  0.29  reflectance  Tlu;  con  Hast  trans 
mittance  for  a  background  lower  in  reflectance  than  the  equilibrium  reflectance  will  always  be  smaller  than 
the  beam  transmittance  (shown  m  Fig.  6-b  for  rhe  average  terrain,,  trees,,  and  tall  grass).  This  is  true  be 
cause  the  ratio  of  inherent  to  apparent  background  radiance  will  always  be  less  than  1  (since  the  apparent 
radiance  increases  with  altitude  as  shown  in  Fig.  6-4).  On  the  other  hand,  the  contiast  transmittance  for 
a  background  higher  in  reflectance  than  the  equilibrium  reflectance  will  have  a  contrast  transmittance 
greater  than  the  beam  transmittance  as  illustrated  in  Fig.  6-4. 

The  above  example  emphasizes  the  importance  of  selecting  the  appropriate  background  reflectance  for 
computing  valid  contrast  transmittance  values. 


Fig.  '-5.  Contrast  Transmittance  for  the  Vertical  Path  of  Sight  Between  Ground  Level 
and  Altitude,  for  Filter  5.  Flight  821 


Method  of  Obtaining  Equilibrium  Radiance.  Equilibrium  radiance  (Eq.  2-15)  and  path  radiance  (Eqs 
2-13  and  2-14)  are  obtained  by  using  an  essentially  integrative  method.  The  advantage  of  this  method  is 
being  able  to  handle  highly  variable  data,  variable  in  the  sense  of  changing  flux  levels  due  to  real  changes 
occurring  in  space  and/or  time  during  the  flight.  The  terrain  over  which  a  data  flight  takes  place  is 
chosen  for  its  consistency  of  terrain  appearance.  Frequently,,  however,  village  lights  and  fishi.'g  boat  Ian 
terns  are  present  which  change  in  position  relative  to  the  airplane  during  the  flight  pattern.  Anomalies  in 
the  sky  lighting  distribution  occur  due  ‘o  subtle  changes  in  the  weather.  These  may  be  clouds  which  al¬ 
ternately  cover  and  uncover  the  moon,  light;  .ng  flashes,  etc  All  these  things  contribute  to  the  variability 
of  the  overall  flux  level  and  directional  radiance  pattern  and  these  two  properties  define  the  equilibrium 
radiance  and  path  function.  These  derived  values  are  directly  descriptive  of  the  real  conditions  encoun 
tered  and  measured  during  the  flight. 
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The  danger  lies  in  trying  to  obtain  a  path  radiance  by  combining  data  from  several  altitudes  for  a  given 
filter.  A  path  radiance  is  essentially  a  scattered  radiance  in  a  given  path  at  any  one  instant.  Therefore  a 
path  radiance  during  a  lightning  flash  is  not  compatible  with  one  when  lightning  is  not  present  Similarly,, 
a  path  radiance  when  the  moon  is  behind  a  cloud  is  different  from  one  when  the  moon  is  unobscured 

For  the  starlight  flights,  the  extremely  bright  close  iights  or  lightning  flashes  are  eliminated  but  the 
ubiquitous  lower  level  lights  near  the  horizon  are  not.  Thus  the  path  radiances  are  reasonable  representa¬ 
tions  of  the  true  path  radiances  over  the  terrain  (or  water)  when  extraneous  Iights  at  giound  level  are 
present  but  not  close  by. 

The  intermediate  and  high  flux  level  flights,  however,  represent  an  averaging  of  the  light  conditions 
present  during  the  entire  flight  (the  use  of  integral  Eqs.  2-13  and  2-15  effectively  combines  the  var.able 
data  into  a  crude  average  of  the  prevalent  condition).  The  averaging,  however,  is  progressive.  The  lowest 
altitude(305m)  is  lot  affected  by  the  data  variability  whereas  at  the  highest  altitude  (1524  in)  all  the  data 
are  averaged.  Thus  these  intermediate-to-high  flux  level  flights  neither  represent  the  clearest  nor  the 
cloudiest  portion  ot  a  flight,  but  something  in  between. 


DIRECTIONAL  PATH  REFLECTANCE 

Using  the  data  from  the  two  scanners  to  obtain  both  the  path  radiance  N *(z,0,<p)  and  the  downwelling 
irradiance  H(z,d)  adds  to  the  reliabi  lity  of  the  path  reflectance  Rr(z,0,c6)  since  these  two  quantities  are 
ratioed  as  shown  in  6).  2-4  repeated  below  in  a  slightly  different  form. 


Rr’(z.0,6) 


.7  Nr(z,^,c6) 

T Jtz.O)  *  H(z,,d) 


(6-5) 


In  this  way  any  absolute  error  in  the  calibration  of  the  scanners  is  effectively  eliminated.  Also  since  both 
the  path  radiance  and  downwelling  irradiance  are  obtained  by  integration  of  a  large  number  of  radiance 
measurements,  precision  errors  tend  to  cancel  or  average  out 

The  directional  path  reflectance  is  the  most  easily  utilized  form  of  the  atmospheric  optical  data  for 
obtaining  contrast  transmittance.  (Refer  to  Section  2.)  The  path  reflectance  is  used  with  the  directional 
background  reflectance  in  Eq.  2-3,  which  is  repeated  below 


-  1 1  +  R*(z,d,<i)  ■  bRo(O.0.<&)P 


(6-6) 


A  conceptually  valuable  graphical  representation  of  the  effect  of  the  ratio  of  path-to-background  re¬ 
flectance  on  contrast  transmittance  is  provided  by  Fig  6-6  iDuntley,  1969)  (see  Appendix  D.  Fig.  3).  It  is 
a  nomogram  which  represents  Eq.  6-6  and  consists  of  a  diagonal  line  drawn  across  a  sheet  of  2  by  2  cycle 
log-log  graph  paper.  The  path-to-background  reflectance  ratio  is  entered  on  the  axis  of  the  abscissa  and 
contrast  transmittance  is  read  out  on  the  axis  of  the  ordinate. 

Note  that  when  R*  =  bR(>  the  contrast  transmittance  is  0.50,  Smaller  v  «s  of  Rr  bRo  yield  higher 
values  of  contrast  transmittance  and  vice  versa 
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0  1  2  3  4  5  6  7  8  910  20  30  40  50  99 

PATH /GROUND  RATIO  [R*(z,0,<S)/  bR„(zt,0,0)] 

Fig.  6-6.  Contrast  Transmittance  Nomogram 

Another  form  for  expressing  contrast  transmittance  as  a  function  of  path  and  background  reflectance 
which  is  convenient  for  hand  computation  is 

brf(z,0,d>)  =  bRo(0.#,<£) / [ bRo(O,0,<£)  +  R*(z, (?,<£)]  .  (6-7) 

Generally  speaking  the  directional  path  reflectance  decreases  with  wavelength.  An  exception  is  seen 
in  Flight  821.  A  factor-of-2  decrease  in  downwelling  irradiance  from  Filter  3  to  Filter  4  results  in  a  path 
reflectance  greater  for  Filter  4  than  Filter  3. 


7.  Ground-Based  Data 


7.1  DESCRIPTION  OF  GROUND  OPERATION 

The  twofold  purpose  of  the  ground  station  was  (1)  to  provide  measurements  of  inherent  background 
radiance  and  reflectance  appropriate  for  use  with  airborne  measurements,  and  (2)  to  provide  continuity  of 
measurement  by  establishing  ground  level  values  of  downwelling  irradiance  and  the  total  scattering  coef¬ 
ficient.  Since  the  installation  of  the  ground  station  was  an  arduous  and  lengthy  task,  the  station  was  us¬ 
ually  in  a  given  area  for  one  to  two  weeks  before  being  moved  to  a  new  location.  Because  the  mobility  of 
the  ground  operation  was  so  greatly  restricted  in  comparison  to  the  aircraft  movement,  the  fulfillment  of 
the  first  purpose  was  emphasized. 

The  ground  station  was  employed  during  each  of  the  two  field  expeditions  to  Thailand.  Successful  op¬ 
eration  was  achieved  during  both  trips  in  two  locations:  Lop  Buri  and  Rayong.  A  list  of  the  stations  with 
dates  (Greenwich),  times  of  measurement  (in  both  Greenwich  meantime  and  local  civil  time  [LCT]),  and 
locations  are  given  in  Table  7-1.  Data  are  reported  for  19  stations  altogether.  The  moon  phase  angle  and 
zenith  angle  are  also  given  in  Table  7-1  in  order  to  indicate  the  contribution  of  the  moon  to  the  total  irrad¬ 
iance  (refer  to  Section  6.4,  Fig.  6-1  for  moon  irradiance  as  a  function  of  phase  angle). 

On  three  nights  the  ground  station  was  in  operation  in  the  same  area  and  during  the  same  general  time 
as  the  airborne  operation  covering  Flights  87,  881,  and  92.  This  fulfilled  the  second  purpose.  The  air¬ 
borne  data  is  compared  to  the  ground-based  data  in  Section  7.3. 

Three  basic  types  of  information  were  secured  by  means  of  the  ground  station:  (1)  atmospheric  scat¬ 
tering  coefficients,  both  total  and  directional,  (2)  downwelling  irradiance,  and  (3)  inherent  background 
radiance.  Directional  ref  lectance  was  then  derived  by  using  the  data  for  downwelling  irradiance  and  in¬ 
herent  background  radiance  in  Eq.  2-5.  To  obtain  these  data  three  instruments  were  employed:  (1)  an  in¬ 
tegrating  nephelometer,  (2)  a  sky  scanning  telephotometer  with  an  irradiance  cap  attachment,  and  (3)  a 
large  aperture  telephotometer.  (For  further  details  refer  to  Sections  3  and  4).  Each  instrument  was  fitted 
with  the  five  optical  filters  used  for  the  airborne  operation  as  described  in  Section  3.4. 

For  the  first  Thailand  trip,  TDY-1,  the  downwelling  irradiance  was  measured  by  the  sky  scanner  with 
the  irradiance  cap  attached  to  the  scanner.  Most  of  the  time  the  measurements  of  downwelling  irradiance 
and  background  radiance  were  obtained  simultaneously.  The  background  radiances  for  TDY-1  were  measured 


on  backgrounds  at  a  distance  so  that  a  change  in  zenith  angle  of  path  of  sight  also  meant  a  different  area 
(of  the  same  general  description)  was  in  the  field  of  view  of  the  telephotometer. 


Table  7-1.  Ground  Stations  for  Thailand  Field  Expeditions:  TDY-1,  1968  and  TDY-2,  1969 


Station 

No. 

Date 

1968 

Time  of  Data  Measurement 

Start  End 

GMT  LOT  GMT  LOT 

Site 

Phase 

Angle 

Moon 

Zenith  Angle 
Stan  End 

Concurrent 

Flight 

No 

1.1 

29  Sep 

1352 

(20521 

1624 

(2324) 

Lop  Buri 

85 

63 

64 

1.2 

30  Sep 

1443 

(2143) 

1614 

(2314) 

Lop  Buri 

72 

58 

59 

1.3 

3  Oct 

1236 

(1936) 

1617 

(2317) 

Lop  Buri 

36 

30 

28 

1.4 

9  Oct 

1711 

(0011) 

1811 

(0111) 

Rayong 

36 

26 

26 

1.5 

10  Oct 

1606 

(2306) 

1715 

(0015) 

Rayong 

46 

47 

45 

1.6 

11  Oct 

1619 

(2319) 

1756 

(0056) 

Rayong 

58 

51 

48 

1.7 

12  Oct 

1405 

(2105) 

1445 

(2145) 

Rayong 

67 

Before  Moonrise 

87' 

1.8 

13  Oct 

1240 

(1940) 

1418 

(2118) 

Rayong 

78 

Before  Moonrise 

1.9 

19  Oct 

1413 

(2113) 

1552 

(2252) 

Rayong 

152 

Before  Moonrise 

881 

1.10 

22  Oct 

1332 

(2032) 

1514 

(2214) 

Rayong 

171 

Before  Moonrise 

1S69 

2.1 

23  Feb 

1408 

(2108) 

1439 

(2139) 

Rayong 

97 

50 

56 

2.2 

26  Feb 

1422 

(2122) 

1536 

(2236) 

Rayong 

62 

23 

37 

2.3 

28  Feb 

1534 

(2234) 

1651 

(2351) 

Rayong 

40 

16 

31 

2.4 

2  Mar 

1345 

(2045) 

1427 

(2127) 

Rayong 

18 

37 

27 

2.5 

8  Mar 

1651 

(2351 ) 

1757 

(0057) 

Lop  Buri 

57 

69 

56 

2.6 

9  Mar 

1423 

(2123) 

1614 

(2314) 

Lop  Buri 

69 

Before  Moonrise 

2.7 

9  Mar 

1815 

(0115) 

1921 

(0221) 

Lop  Buri 

69 

65 

54 

92 

2.8 

11  Mar 

1736 

(0036) 

1750 

(0050) 

Lop  Buri 

95 

Before  Moonrise 

2.9 

12  Mar 

1325 

(2025) 

1546 

(2246) 

Lop  Buri 

107 

Before  Moonrise 

*  Flight  87  was  from  1226  to  1337  so  the  ground  station  data  measurements  were  after  completion  of  the  flight 


For  the  second  Thailand  trip,  TDY-2,  the  downwelling  irradiance  was  obtained  indirectly  by  measuring 
the  radiance  of  a  horizontally-oriented,  calibrated  reflectance  board.  The  radiance  was  measured  using  the 
large  aperture  telephotometer  as  a  nadir  telephotometer.  Irradiance  was  derived  by  solving  Eq.  2-5  for  ir¬ 
radiance  as  follows: 


rrbNo(0, 180,0) 

H(0,d)  =  -  .  (7-1) 

bRo(0, 180,0) 

During  TDY-2  the  background  radiance  of  a  circumscribed  area  was  measured  from  many  paths  of  sight  by 
rotating  the  large  aperture  telephotometer  over  the  area  on  a  large  frame.  Thus  the  telephotometer  was  used 
as  a  gonioradiometer. 
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7.2  PRESENTATION  OF  GROUND-BASED  DATA 


The  scattering  coefficient,  downwellmg  irradiance,  and  background  radiance  data  are  presented  in 
order  by  date  in  four  sections.  Each  section  represents  one  site  during  one  season.  Since  it  was  not  al¬ 
ways  possible  to  obtain  a  reflectance  value  for  each  of  the  background  radiance  measurements,  the  re¬ 
coverable  reflectances  are  presented  at  the  end  of  this  section  (7.2). 

The  data  for  each  station  are  presented  in  table  form..  The  firsl  column  indicates  the  variable  rame  and 
columns  2  througn  6  are  the  variables  for  Filters  1  through  5.  The  first  variable  (row)  is  for  the  total  scat¬ 
tering  coefficient  s(0)  in  units  per  meter.  The  second  and  third  variables  (rows)  are  the  proportional  di¬ 
rectional  scattering  coefficients  for  the  scattering  at  30°  and  150°:  <r  (0,30°)/s  (0)  and  a(0.150H)/s(0). 
Fourth  is  the  ratio  of  the  directional  scattering  at  30°  and  150°, ,  n(0,30o)/n (0,150°).  The  fifth  variable  is 
the  downwelling  irradiance  H(0,d)  in  units  of  W  m'2  //m-1.  The  remaining  rows  are  for  the  radiance  of  a 
background  (such  as  a  rice  field)  as  described  in  units  of  Wfi-1  m'2  The  path  of  sight  is  specified 

in  each  case  in  terms  of  zenith  angle  and  azimuth.  During  moonlight  the  azimuths  are  given  as  azimuths 
from  the  moon.  For  starlight  or  overcast  the  azimuths  are  given  as  compass  points,  i.e.,.  north  or  south,  etc 

TDY-1  STATIONS 

Lop  Buri  Site.  The  first  Thailand  trip,  TDY-1,  was  during  the  wet  monsoon  season.  Stations  1.1  through 
1.3,  29  September  through  3  October  1968,  were  at  the  Lop  Buri  site  at  latitude  14.8°N  and  longitude 
100.4°E.  The  ground  station  was  located  in  the  vicinity  of  Sing  Buri  near  Lop  Buri.  The  truck  and  instru¬ 
ments  were  on  a  dirt  road  in  the  midst  of  a  rice  field.  Radiance  measurements  of  the  rice  field  were  made 
with  the  telephotometer  about  1  m  above  the  top  of  the  rice.  A  typical  view  of  tne  rice  field  is  given  in 
Fig.  7-1.  The  dirt  road  to  the  west  was  also  measured  on  3  October  and  is  depicted  in  Fig.  7-1 . 


Rice  Field  Dirt  Road  (West! 


Fig.  7-1..  Kicc  field  and  dirt  rond  at  Lop  Hun  .site  during  TDY-1, 
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The  approximate  position  of  the  ground  site  for  Lop  Buri  in  relation  to  the  flight  path  for  Flights  89,,  91,, 
and  92  is  depicted  in  Fig.  7  2.  Flight  92  was  on  the  same  evening  as,,  but  later  than,  ground  station  2  6 
and  concurrent  with  station  2.7, 


Station  1.1,  29  September  1968  (Table  7-1A).  Lop  Buri  in  the  monsoon  season  during  moonlight.  The 
moon  phase  angle  was  85',  moori  zenith  angle  63°  through  64",’  and  the  moon  azimuth  227°  through  228’  from 
the  north.  The  weather  was  initially  clear  wit.i  only  a  few  scattered  clouds,  but  during  the  evening, clouds 
built  up  to  a  fairly  heavy  overcast.  Data  presented  are  for  scattered  clouds  before  the  complete  overcast. 
Measurement  time  span  was  2052  through  2324  LCT. 


Table  7-1A.  Station  1.1 


Variable  Name 

1 

2 

Filters 

3 

4 

5 

Total  Scattering  Coefficient  (m~l) 

1  08  E  4 

7  91E5 

5  52  F  5 

5  61  E  5 

8  08E  5 

O  (0.30°)/s(0) 

0  245 

0  287 

0  196 

0  144 

0  198 

0<O.'5O")  s  (0) 

0  0365 

0  0416 

0  0226 

- 

0  0296 

a(0.30a)  . >(0.150°) 

67 

69 

87 

6  7 

Downwellmg  Irradiance  (W  m"2  pm'1) 

(After!  1  33 E  4 

1  86E  4 

2  38  E  4 

1  84:  4 

1  63  E  4 

Path  of  Sigtit 

Radianca 

(Wait !!"'  m 

Filters 

2  ftm~ 1 ! 

Terrain  Description 

Zenith  Angle 

Azimuth 

1 

2 

3 

4 

5 

Rice  Field 

91 

0 

- 

1 .18  E  5 

1  18E-5 

3  82E5 

1  15E  5 

Rice  Field 

91 

90 

2  66E-6 

6  68E-6 

4  80  E-6 

3  61E5 

6  82E6 

Rice  Field 

91 

180 

4  39  E  6 

9  17  E-6 

7  16E  6 

4  48  E  5 

9  33  E-6 

Station  1.2,  30  September  1968  (Table  7-2).  Lop  Buri  in  the  monsoon  season  during  moonlight.  The 
moon  phase  angle  was  72°..  moon  zenith  angle  58  through  59°,  and  moon  azimuth  225°  through  227°  from 
the  north.  There  were  many  small  scattered  cumulus.  The  moonlight  was  intermittent  from  2000  LCT  on,, 
but  was  blacked  out  severely  by  clouds  toward  the  end  of  the  evening.  Background  radiances  were  mea¬ 
sured  during  80%  cloud  cover,,  with  very  few  instances  of  clear  moon  illumination.  Measurement  time  span 
was  2143  to  2314  LCT. 
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Table  7-2.  Station  1.2 


Variable  Name 

1 

2 

Filters 

3 

4 

6 

Total  Scatter  mg  Coefficient  (m  ‘1 

1  92  E  4 

1  48  E  4 

1  10  E  4 

8  23  F  5 

1  62  E  4 

.1(0  30  I  s (0) 

0  593 

0  646 

0  626 

0  474 

0  441 

o(0  150  *  slO) 

0  0434 

0  0468 

0  0366 

0  0329 

0  0380 

o(0.30  1  ,.(0  150  1 

13  7 

138 

14  4 

14  4 

11  6 

Downwellmg  Irradiance  (W  m  •*  /im-1) 

(Average)  2  80E4 

2  ‘JOE  4 

3  62  E  4 

2  80  E  4 

2  70  E  4 

Terrain  Description 

Path  of  Sight 

Zenith  Angle  A/mnith 

1 

Riidi.mi  * 

*> 

•  ( W.llt  '.!  1 

Filler  s 

2 

m  *  ,<m  '  i 

4 

5 

Rice  F«eld 

92 

0 

6  62  E  6 

1  54  E  r> 

1  55  E  5 

6  02  E  j 

1  67  E  5 

Rice  Field 

92 

90 

3  28  E  6 

7  17E6 

5  03E6 

3  12  E  6 

6  79  E  6 

Rice  Field 

92 

180 

5  55  E  6 

1  20  F  5 

9  34  E  6 

5  76  E  5 

1  20  E  5 

Station  1.3,  3  October  1968  (Table  7-3).  Lop  Buri  in  the  monsoon  season  during  moonlight.  The  moon 
phase  angle  was  36°,  moon  zenith  angle  30°  through  28°, ,  and  moon  azimuth  152°  through  160°  from  the 
north.  The  sky  was  generally  clear,  only  slightly  cloudy  from  1900  to  2000  LCT,  and  clearing  to  light  cloud 
and  horizon  haze  at  2200  LCT.  Measurement  time  span  was  1936  to  2317  LCT. 


Table  7-3.  Station  1.3 


Variable  Name 

1 

2 

Filters 

3 

4 

5 

Total  Scattering  Coefficient  (m-1) 

1  95  6  4 

1  67  E  4 

1  08E  4 

9  08E-5 

1  75E  4 

(?  (0,30  )  S(0) 

0316 

0  337 

0  290 

0  225 

0  250 

r>(0,150  I'stot 

0  0253 

0  0234 

0  0225 

0  0138 

0  0190 

iMO.30  1  ■!  (0.150  1 

12  5 

14  4 

12  9 

16.3 

13,1 

Downwelhng  Irradiance  (W  /im-1) 

{Average)  1  156-3 

1  18  E  3 

1  33  E  3 

1  09  E  3 

1  23  E  3 

Terrain  Description 

Path  of  Sight 

Zenith  Angle  Aziruith 

1 

Radiance  (Wait  (i‘  >  m 

Fibers 

2  3 

1  /tm"  ■ ) 

4 

5 

Rice  Field 

92 

0 

1  58  E  5 

3  93E5 

4  05  E  5 

1  09  E  4 

4  07  E  5 

Rice  Field 

92 

180 

1  21  E  5 

2  69E5 

1  73E-5 

1  34  E  4 

2  90E5 

Rice  Field 

92 

270 

1  17E-5 

2  69E-S 

- 

1  37E-4 

2  982  5 

Dirt  Road  (West) 

92 

110 

4.80E  5 

6  06  E5 

1  06E4 

’.  (ME  4 

6  61  E  5 
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Rayong  Site.  The  first  Thailand  trip,  TDY-1,  was  during  the  wet  monsoon  season  Stations  1.4  through 
1.10,  9  October  through  22  October  1968,  were  at  the  Rayong  site  at  latitude  12.7'JN  and  101. 3°E.  The 
ground  station  was  located  16  km  west  of  Rayong  in  a  vegetated  area  between  the  beach  sand  and  a  road. 
Backgrounds  measured  are  depicted  in  Fig.  7-3,  Beach  sand  and  the  road  ran  roughly  east  and  west;  scrub 
and  sand  were  to  the  north;  the  ocean  was  south.  Vegetation  close  by  was  wild  sweet  peas  and  grass. 
Water  just  offshore  was  shallow,  approximately  3  m  in  depth. 


J 


TV 


Vegetation  Along  8each 


Fig.  7-3.  Sandy  bench  and  road  <E  and  W),  scrub  and  sund  (N),  ocean  (S),  and  wild  sweet 
peas  iind  grass  nearby  at  Rayong  site  during  TDY-1. 


The  approximate  position  of  the  ground  station  and  flight  paths  for  the  Rayong  site  are  depicted  in 
Fig.  7-4,  The  flight  path  for  TDY-1  is  for  Flights  87  and  881  (the  two  flights  concurrent  with  ground  stations 
1.7  and  1.9,  respectively!.  The  flight  path  for  TDY-2  is  for  Flights  97  and  101.. 


Fig.  7-4.  Rayong  area  with  location  of  ground  station  and  flight  paths  for  TDY-1  and  TDY-2. 


Station  1.4,  9  October  1968  (Table  7-4).  Rayong  site  in  the  monscon  season  during  moonlight.  The 
moon  phase  angle  was  36“  moon  zenith  angle  26°  and  moon  azimuth  66°  from  the  north.  The  sky  was  clear 
overhead  with  stars  shining;  there  was  a  heavy  cumulus  buildup  to  the  north  and  west  with  intermittent 
lightning  flashes  in  these  cloud  areas.  There  were  six  fishing  boats  with  lanterns  about  100  to  200  m  off¬ 
shore  to  the  south.  A  couple  of  small  campfires  were  located  approximately  200  to  300  m  down  the  beach 
to  the  east.  At  the  end  of  the  data  run  the  moon  was  almost  directly  overhead  and  a  slight  haze  had  built 
up  causing  slight  diffusion  of  the  moon  glitter  path.  There  was  no  wind.  Measurement  time  span  was 
0011  to  0111  LCT. 


Table  7-4.  Station  1.4 


Filters 

Variable  Name 

1 

2 

3 

4 

5 

Total  Scattering  Coefficient  (m"1) 

1  35E-4 

1  24  E-4 

1.04  E-4 

1  1 1  E-4 

1  54  E-4 

<m0.30°)s(0) 

0  381 

0.550 

0  272 

0  167 

0  241 

n  (0,150*')  s(0) 

0  0449 

- 

0  0205 

0  00864 

0  0281 

o{ 0,30u)  <7(0,150') 

8  5 

13  2 

19  3 

86 

Downwelhng  Irradiance  (Wnr*/<m_l) 

9  91  E-4 

1  OOE-3 

1  14E-3 

9  26  E-4 

1  02E-3 

Station  1.5,  10  October  1968  (Table  7-5).  Rayong  site  in  the  monsoon  season  during  moonlight.  The 
moon  phase  angle  was  46°,  moon  zenith  angle  47°  through  45°,  and  moon  azimuth  67° from  the  north.  The 
sky  directly  overhead  was  clear.  The  moon  was  filtered  through  a  light-to-moderate  haze  but  bright  enough 
to  define  moderate-to-sharp  shadows.  The  wind  was  calm  and  the  tide  was  out.  Again  there  were  beach 
fires  and  fishing  boat  lights.  Measurement  time  span  was  2306  to  0015  LCT. 


Table  7-5.  Station  1.5 


Filters 


Variable  Name 

1 

2 

3 

4 

5 

Total  Scattering  Coefficient  (m_1) 

1  39E-4 

1  1 9  E-4 

9  06E-5 

7  92E-5 

1.28  E-4 

<r(0.30°)/s(0) 

0410 

0  400 

0  281 

0  217 

0  294 

<7(0.150o)/s(0) 

0  0615 

0  0363 

0.0240 

0  00660 

0  0276 

o(0.30oK<7(0.IS0°) 

6  7 

11  0 

11  7 

32  9 

106 

Downwelling  Irradiance  (W  m~2  nm"1 1 

4  02E-4 

4  03  E-4 

4.95  E-4 

4  08  E-4 

3  84  E-4 

Station  1.6,  11  October  1968  (Table  7-6).  Rayong  site  in  the  monsoon  season  during  moonlight.  The 
moon  phase  angle  was  58°,  moon  zenith  angle  51°through  48°,  and  moon  azimuth  65° through  64°from  the 
north.  Data  were  collected  after  the  moon  rose  above  the  clouds  on  the  horizon.  There  were  scattered  thin 
clouds  but  the  moonlight  was  unobscured  and  there  were  clear  sharp  shadows.  There  was  intermittent 
lightning  in  the  western  sky  over  Utapao.  Only  two  fishing  boat  lanterns  were  noticed.  Measurement  time 
span  was  2319  to  0056  LCT. 
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Table  7-6.  Station  1.6 


Variable  Name 

1 

2 

Filter* 

3 

4 

5 

Total  Scattering  Coefficient  (nT1) 

1  57  E-4 

1  27  E  4 

9  77F-5 

8.51  E-5 

1  50E-4 

o(0,30°)'s(0) 

0  431 

0.418 

0  340 

0  336 

n(0.150‘Vs(0> 

0  0421 

0  0121 

0  0307 

0  0192 

0.0535 

o(0,30°)'/ff|0,1S0°) 

10  2 

9  9 

11  1 

- 

63 

Downwelling  Irradiance  (Wnr^iim"1) 

(Average)  3  96E-4 

4  10E-4 

4  95  E-4 

3  92  E-4 

3  86  E-4 

Terrain  Description 

Path  of  Sight 

Zenith  Angle  Azimuth 

1 

Radiance  (Watt  U‘ 1  m  1  /<m  ‘) 

Filters 

2  3  4 

5 

Sandy  Beach 

92 

40 

3  00  E-5 

3  37  E-5 

5  11  E-5 

3  99E  5 

3  48  E-5 

Sandy  Beach 

94 

40 

3  67  E-5 

4  09  E-5 

6  11  E-5 

4.58E-5 

4  18  E-5 

Sandy  Beach 

92 

210 

3  44E-5 

4.03  E-5 

6.46  E  5 

4  96  E  5 

4  29 E-5 

Sandy  Beach 

94 

210 

3  82  E-5 

4  42  E-5 

7  11  E-5 

6  46  E-5 

4.71  E-5 

Ocean  Water 

92 

90 

3  01  E-5 

2  94  E  5 

2  57  E  5 

1  62E-5 

2  61  E-5 

Station  1.7,  12  October  1968  (Table  7-7).  Rayong  site  16  km  west  of  Rayong  in  the  monsoon  season 
during  overcast  starlight.  There  was  medium-to-full  overcast  prior  to  moonrise.  Data  were  measured  in 
conjunction  with  Flight  87.  Flight  87  occurred  from  1926  to  2037  LCT  in  the  area  8  km  south  of  Rayong. 
Station  1 .7  began  after  the  flight  ended,  spanning  2105  to  2145  LCT. 


Table  7-7.  Station  1.7 

_ I _ 

Filters 


Variable  Name 

1 

2 

3 

4 

5 

Total  Scattering  Coefficient  (m-  * ) 

1  63  E-4 

1  22  E-4 

9.32E-5 

8.04  E-5 

1  36  E-4 

0(0.30°  |/s  (0) 

0  367 

0  346 

0.298 

0  256 

0  276 

o(0.150°)/s(0) 

0  0408 

0.0404 

0  0339 

0  0143 

0  0401 

o(0.30°)/o(0.150°) 

9.0 

86 

8.8 

17.9 

6  9 

Downwelling  Irradiance  (W  nT*  jim'1) 

19  36E-6) 

(1  06  E-5) 

|1.83  E-5) 

- 

1  53r  «. 

Path  of  Sight 

Terrain  Description  Zenith  Angle  Azimuth  I 

Sandy  Beach  103  South  6  17E-7 


Radi  ance  ( Watt  U ' 1  m“  *  /im  1 ) 
Filters 

2 _ 3 _ 4 _ 

S  08E-7  2.14E-6  2  87E-6 


5 


1  13E-6 


*  Values  in  parentheses  are  based  on  airl^ome  measurements  during  Flight  87. 
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Station  1.8.  13  October  1968  (Table  7*8).  Rayong  site  in  the  monsoon  season  during  starlight  before 
moonrise.  There  was  a  light  haze  with  clouds  around  the  horizon.  The  sky  glow  was  dearly  visible  from 
Utapao  to  the  west  and  from  the  closest  village  to  the  northwest,  There  were  eight  to  ten  campfires  along 
the  beach  to  the  southeast  and  one  or  two  fishing  boats  with  lights  to  the  south.  Measurement  time  span 
was  from  1940  to  2118  LCT. 
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Table  7-8. 

Station  1.8 

Variable  Name 

1 

2 

Filters 

3 

4 

5 

Total  Scattering  Coefficient  (m-1) 

1.62  £  4 

1.56E-4 

1  34  £-4 

1  11E-4 

1.76E-4 

o(0,30o)/sl0) 

0  356 

0  444 

0.366 

0.406 

0.281 

o|0.150°)/s(0) 

0  0336 

0  0236 

0  0176 

0  00806 

0.0228 

0(0,30°  |/<r(0,150°l 

106 

15.0 

21  9 

50  3 

12.3 

Downwelling  Irradiance  (W  m'J  |im"'] 

1  (Average  1 

- 

- 

- 

- 

1  56E-5 

Terrain  Description 

Path  of  Sight 

Zenith  Angle  Azimuth 

1 

Radiance  (Watt  Q"  1 

Filters 

2  3 

m"2  fim'1) 

4 

5 

Wild  sweet  peas  &  grass 

92 

West 

2  63E7 

4  16  E-7 

6.55  E-7 

7,09  E-6 

7  59  E-7 

Sandy  Beach 

92 

West 

9  08E-7 

1  16  E-6 

3  56  E-6 

6  17E-6 

- 

Sandy  Beach 

94 

West 

8  73  E-7 

- 

- 

- 

- 

Sandy  Beach 

100 

West 

8  78  E-7 

1  08  E-6 

2.49E-6 

2  94  E-6 

1.51  E-6 

Ocean  water,  shallow 

92 

South 

1  38E-6 

1  52  E-6 

2  83  E-6 

3  91  E-6 

1.99  E-6 

Station  1.9,  19  October  1968  (Table  7-9).  Rayong  site  16  km  west  of  Rayong  in  the  monsoon  season 
during  starlight  before  moonrise.  There  were  light  wisps  of  clouds  scattered  overhead.  It  was  cloudy  or 
hazy  around  the  horizon.  The  offshore  windspeed  was  approximately  6  km'hr.  There  was  typical  fishing 
boat  activity  and  a  sky  glow  in  the  Utapao  direction.  Data  were  taken  from  2113  to  2252  LCT  in  conjunc¬ 
tion  with  Flight  881  from  2111  to  2226  LCT  over  the  ocean  8  km  south  of  Rayong. 


Station  1.10,  22  October  1968  (Table  7-10).-  Rayong  site  in  the  monsoon  season  during  overcast  star¬ 
light  before  moonrise.  During  the  background  radiance  measurements  the  sky  was  almost  completely 
clouded  over  and  only  intermittent  patches  of  stars  were  visible.  The  offshore  windspeed  was  approxi¬ 
mately  10  to  12  km/hr.  There  were  no  fishing  boat  lanterns  due  to  continued  small  craft  warning  (there 
was  a  storm  the  night  before).  There  was  light  surf  (normally  there  was  none)  and  a  heavy  dew.  Measure¬ 
ment  time  span  was  2032  to  2214  LCT. 
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Table  7-9.  Station  1.9 


Variable  Name 

1 

2 

Fi'tess 

3 

4 

5 

Total  Scattering  Coefficient  {nf  *) 

1  24E-4 

1  09  E  4 

8  29  E  5 

7  70E-5 

1  13  E  4 

a(0,30“!  s(0) 

0  547 

0  446 

0  463 

0412 

0  298 

.>10,150°)  s  10) 

0  0508 

0  0677 

0  0348 

0  0231 

0  0446 

<t(0  30”)  .>(0,150°) 

10  8 

7  7 

13.3 

178 

6  7 

Downwellmg  Irradiance  (W  m":  pm"') 

(Average)  (1  14E-5) 

(1  28E-5) 

(1  78E-5) 

1  45E-5 

Terrain  Description 

Path  of  Sight 

Zenith  Angle  Azimuth 

1 

Radiance  (Watt  O' 1 

Filters 

2  3 

m* 2  f/m'  M 

4 

5 

Sandy  Beach 

92  West 

8  68E-7 

1  06E-6 

2  19E-6 

2  23  E-6 

1.54  E-6 

Sandy  Beach 

94  West 

9  59E-7 

1  00E6 

2  04  E-6 

2  07  E-6 

1  32  E-6 

Sandy  Beach 

96  West 

8  30  E  7 

9  87E  7 

2  04  E  6 

2  11  E-6 

1  30  E-6 

Sandy  Be  h 

92  East 

9  21E-7 

1  14  E-6 

2  50  E-6 

3  06  E-6 

1  52  E6 

Sandy  Beach 

94  East 

8.36  E-7 

9  98  E-7 

2  33  E-6 

2  i2  c  6 

1  37  E-j 

Sandy  Beach 

96  East 

8.46  E-7 

1  05  E-6 

- 

2.46  E-6 

1  40  E-6 

Ocean 

92  South 

1  0GE-6 

1  13E-6 

1  75  E-6 

1  70  E-6 

1  32  E6 

•  Values  in  parentheses  are  based  on 

airborne  measurements  during  Flight  881 

Table  7-10. 

Station  1.10 

Filters 

Variable  Name 

1 

2 

3 

4 

5 

Total  Scattering  Coefficient  (m 

’*) 

1.56E-4 

1  20  E  4 

l  02E-4 

8  78E-5 

1  35E-4 

(7<0,30°)/s(0) 

0.393 

0  443 

0  400 

0315 

0  314 

o(0,150°)/s(0) 

0  0511 

0  0632 

0  0269 

0.0181 

0  0435 

(7(0,30°) 'o(0.1S0o) 

7  7 

8.3 

14.9 

17.4 

7  2 

Downwellmg  Irradiance  (WnT- 

lim-1)  (Average! 

- 

- 

- 

1  20E-5 

Terrain  Description 

Path  of  Sight 

Zenith  Angle  Azimuth 

1 

Radiance  I  Walt  (!  1  nT  ‘  /,m~ 1 ) 
Filters 

2  3  4 

5 

Dirt  road 

92 

West 

4 

93  E  7 

6  43  E  7 

1,39  E-6 

2.63  E-6 

4  60  E-7 

Dirt  road 

96 

West 

4 

42E  7 

5.53E-7 

1  38  E-6 

2  78  E-6 

3.95  E-7 

Dirt  road 

92 

East 

4 

44  E  7 

5  34  E-7 

1  26  E  6 

2  31  E-6 

4.85  E-7 

Dirt  road 

94 

East 

4 

20  E  7 

4  68  E  7 

1  11  E  6 

1  71  E6 

4  90E-7 

Dirt  road 

96 

East 

3 

39  E-7 

4.18E-7 

1  03  E  6 

1  62  E-6 

4  03  E  7 

Scrub  and  sand 

92 

North 

2 

65  E-7 

3  30E-7 

6  74  E-7 

1  49  E-6 

- 

Scrub  and  sand 

94 

North 

2 

23  E-7 

2  54  E-7 

5  34  E  7 

1  12E  6 

2  49  E-7 

Scrub  and  sand 

96 

North 

2 

S 

m 

2  30E  7 

5  22  E-7 

1  05  E  6 

2  50E  7 
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TDY-2  STATIONS 

Rayon n  Silr.  The  second  Thailand  trip,  TDY-2,  was  during  the  relatively  dry  season.  Stations  2.1 
through  2.4,  23  February  through  2  March  1969,  were  at  the  Rayong  site  at  latitude  12.7°N  and  101 ,3°E.  The 
ground  station  was  located  on  the  coast  16  km  west  of  Rayong  on  the  same  site  used  for  TDY-1.  The  site 
was  in  a  vegetated  area  between  the  beach  sand  and  a  road.  Beach  sand  and  the  road  ran  roughly  east  and 
west;  there  was  scrub  and  sand  to  the  north,  the  ocean  was  south.  Water  just  offshore  was  approximately 
3  m  in  depth.  The  flight  path  for  Flights  97  and  101  are  shown  in  Fig.  74. 


Station  2.1,  23  February  1969  (Table  7-11).  Rayong  site  in  the  relatively  dry  season  during  moonlight. 
The  moon  phase  angle  was  97°,  moon  zenith  angle  50°  to  56°,  and  moon  azimuth  291°  from  the  north.  There 
were  clouds  and  haze  on  the  horizon  at  sunset.  The  sky  was  clear  overhead  with  some  scattered  clouds 
during  the  measurements.  A  campfire  was  noticed  to  the  east.  The  windspeedwas  27  km/hr  from  the 
south  to  southwest.  Measurement  time  span  was  2108  to  2139  LCT. 


Table  7-11.  Station  2.1 


Fillers 


Variable  Name 

1 

2 

3 

4 

5 

Total  scattering  Coefficient  (nT'l 

- 

- 

* 

o(0,30°)-S|0) 

- 

' 

- 

a  (0,150°I/S(0) 

" 

- 

- 

- 

- 

n (0,30°  1  t7(0.150  ') 

- 

- 

- 

- 

- 

Downwelling  Irradiance  (W  nrJ  rim'1! 

- 

- 

- 

- 

- 

Terrain  Description 

Path  of  Sight 

Zenith  Angle  Azimuth 

1 

Radiance  (Watt  Q~  1  m~ 2  jtm  *) 
Filters 

2  3  4 

5 

Dirt  Road  (West) 

92 

340 

4  01  £6 

5  76E6 

1  31 6  E  5 

1  39  E  5 

7  89  E  6 

Dirt  Road  (West) 

94 

340 

6  09E  6 

6  30  E  6 

1  29  E  5 

8  94  E  6 

Dirt  Road  (West) 

96 

340 

3  94E  6 

4  23  E  G 

1  06  E  5 

- 

- 

Dirt  Road  (West) 

too 

340 

1  62  E  6 

3  19E  6 

2  13  E  6 

2  78  EG 

Dirt  Road  (West) 

105 

340 

3  37E  6 

3G2E  G 

S  53E  C 

591E  6 

Dirt  Road  (East) 

92 

160 

7  86E6 

1  02  E  5 

2  44  E  5 

2  44  E  6 

1  35  E  5 

Dirt  Road  (East) 

94 

160 

7  22  E  6 

3  77  E  6 

2  00E  5 

t  07  E  5 

Dirt  Road  (East) 

96 

160 

5  93  EG 

7  075  E  6 

1  62E-5 

1  G0E  5 

D  08  E  e 

Dirt  Road  (Fast) 

100 

160 

5  22E6 

6  41  E  G 

1  C3E  5 

1  26  E  5 

2  81  EG 

Dirt  Road  (East) 

105 

160 

2  12E  fa 

2  56  E6 

1  68  E  6 

- 

9  54  EG 
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Si<rtion  2.2,  26  February  1969  (Table  7-12).  Rayong  site  in  the  relatively  dry  season  during  moonlight. 
The  moon  phase  angle  was  62°,,  moon  zenith  angle  23° to  37°,  and  moon  azimuth  316"  to  301  from  the  north. 
The  sky  was  clear  overhead  with  scattered  small  clouds  and  haze  on  the  horizon.  The  windspeed  was  16 
to  19  km/hr  from  the  south  to  southwest.  Measurement  time  span  was  2122  to  2236  LCT. 


Table  7-12.  Station  2.2 


Variable  Name 

1 

2 

Filters 

3 

4 

5 

Total  Scattering  Coefficient  (m_l) 

1  42E-4 

1  24  E-4 

6  62  E-5 

6  34  E  5 

9  91  E-5 

«(0.30'>l  s (0) 

0  555 

0  400 

0  341 

0.412 

n(0,150°)'S(0> 

0  0349 

0  0308 

0  0302 

0  0227 

0  0319 

if (0,30°)  cf(0.l50'  l 

15  9 

16  5 

- 

150 

12  9 

Downwellmg  Irradiance  (W  m“2 

(After)  4  35E-4 

4  79  E-4 

6  44  E-4 

4  80  E-4 

4  54  E  4 

Terrain  Description 

Path  of  Sight 

Zenith  Angle  Azimuth 

1 

Radiance  ( Watt  fl" 1  m" 2  pm" 1 ) 
Filters 

2  3  4 

5 

Dirt  road  (west) 

92 

320 

1.66  E-5 

2.04  E-5 

4  49  E-5 

4  65  E-5 

2  58  E-5 

Dirt  road  (west) 

94 

320 

1  78  E-5 

2  16E-5 

4  86  E-5 

4.36  E  5 

2  75  E-5 

Dirt  road  (west) 

96 

320 

1.88  E-5 

2.30E-5 

5  31  E-5 

4  80  E-5 

2.97  E  5 

Dirt  road  (west) 

100 

320 

2  06  E-5 

2  59 E-5 

6  22  E-5 

5. 39  E-5 

3.40E5 

Dirt  road  (west) 

105 

320 

1  94  E-5 

2  48  E-5 

6  14  E-5 

5  34  E  5 

3  27  E-5 

Dirt  road  (east ) 

92 

140 

2  04  E-5 

2.45E-5 

6.02  E-5 

6  29  E-5 

3.23E5 

Dirt  road  (east) 

94 

140 

1  98  E-5 

2  42  E-5 

5  38  E-5 

4  92  E-5 

3  04  E-5 

Dirt  road  (east) 

96 

140 

1.91  E  5 

2  31  E-5 

5.26  E-5 

4.70  E-5 

2.96  E-5 

Dirt  road  (east) 

100 

140 

2  00  E-5 

2  43  E-5 

5  90E-5 

5. 13  E-5 

3  19E5 

Dirt  road  (east) 

106 

140 

2  33  E-5 

2  86 E-5 

6  33  E-5 

5  86  E-5 

3.74  E-5 

Station  2.3,  28  February  1969  (Table  7-13).  Rayong  site  in  the  relatively  dry  season  during  moonlight. 
The  moon  phase  angle  was  40°,  moon  zenith  angle  16°  to  31°,  and  moori  azimuth  321°  to  298°  from  the  north. 
The  weather  was  cool  with  scattered  clouds.  The  windspeed  was  16  to  19  km/hr  from  the  south.  Measure¬ 
ment  time  span  was  2234  to  2351  LCT. 
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Table  7-13.  Station  2.3 


Variable  Name 

1 

Z 

Filters 

3 

4 

5 

Total  Scattering  Coefficient  (m"‘) 

- 

- 

- 

- 

- 

.. <0.30  )  s(0) 

- 

- 

- 

- 

- 

o  (0  150'  )  S(0) 

- 

- 

- 

- 

- 

a  (0,30  ')  (0.1 50  ) 

- 

- 

- 

- 

- 

Oownweli.ng  Irradiance  fWnr^/an"’) 

( After  f 

8  75E-4 

8.73  E-4 

1  19E-3 

9.07  E-4 

9.36  E-4 

Terrain  Description 

Path  of  Sight 

Zenith  Angle  Azimuth 

1 

Radi  ance  ( Watt  Q " 1  m‘  *  /an" 1 ) 

Filters 

2  3  4 

5 

Strifes  and  sand  (west) 

92 

320 

1  37c-6 

2  03  E-6 

2 

60E-6 

8.97  E-5 

2.45  E-5 

Shrubs  and  sand  (west) 

94 

320 

1  33E  6 

1.84E6 

2 

.32  E-6 

7  64  E-5 

2  30  E-5 

Shrubs  and  sand  (west) 

96 

320 

1.21  E-6 

1  57  E-6 

1 

21  E  6 

2  72E-5 

9.95  E-6 

Shrubs  and  sand  (west) 

100 

320 

1  26E-6 

1  73  E-6 

2 

68  E-6 

6  51  E-5 

1 .86  6-5 

Shrubs  and  sand  (west) 

105 

320 

1  48  E-6 

1  70ES 

2 

93  E6 

4.72E-5 

1  69  E-5 

Shrubs  and  sand  (east) 

92 

140 

215E6 

2  66  E-6 

5 

48  E-5 

8.39  E-5 

3  24  E-5 

Shrubs  and  sand  (eastl 

94 

140 

2.99  £-6 

3  77  E-6 

- 

- 

Shrubs  and  sand  (east) 

96 

140 

2  64  fc  6 

3  32  E-6 

5 

91  E-5 

8  04  E-5 

3  91  E-5 

Shrubs  and  sand  (east) 

100 

140 

2  19  E-6 

2  95E6 

5 

12E-5 

8  49E  5 

3  37  E-5 

Shrubs  and  sand  (east) 

105 

140 

2  25  E-6 

2.82  E-6 

4 

73  E-5 

6  64  E-5 

3. 18  E-5 

Station  2.4,  2  March  1969  (Table  7-14).  Rayong  site  in  the  relatively  dry  season  during  moonlight.  The 
moon  phase  angle  was  18°,,  moon  zenith  angle  37°  to  27°.,  and  moon  azimuth  78°  from  the  north.  There  were 
scattered  clouds.  The  windspeed  was  19  to  24  km/hr  from  the  south  to  southwest.  Measurement  time  span 
was  2045  to  2127  LCT. 


Lop  Buri  Site.  The  second  Thailand  trip,  TOY -2,  was  during  the  relatively  dry  season,  Stations  2.5 
through  2.10,  7  March  through  12  March  1969,  were  at  the  Lop  Buri  site  at  latitude  14  8"N  and  longitude 
100.4CE.  The  ground  station  was  at  the  Lop  Buri  site  near  Sing  Buri.  The  same  general  site  was  used  as 
for  TDY-1 ,  except  that  the  truck  and  instruments  were  located  13  m  south  into  the  field.  The  rice  had  been 
harvested  so  the  field  was  dirt  and  stubble  during  TOY -2.  Three  views  of  a  typical  harvested  rice  field  are 
shown  in  Fig.  7-5. 
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Table  7-14.  Station  2.4 


Van. lb  It*  Nji*<«> 


3 


4 


Total  Scattering  Coefficient  (it  l> 
»»(0  30  >  si P> 

.»(0  150  >  siOi 
*/(0  30  )  *7 < 0  ’50  i 


Downwoltimj  Irradiance  (W  m 

*  /iitT 

1  Aftrr) 

1  57  E  3 

1  68E  3 

2  Vji  3 

1  00  E  3 

i  77  E  3 

Path  of  Sight 

Radiance 

(Watt  1  rn 

Filters 

*  «**1  '  1 

Terrain  Description 

Zenith  Angle 

A/ 1  moth 

1 

2 

3 

4 

5 

Dirt  road  (west) 

02 

192 

6  12  E  5 

7  61E5 

1  73  E  4 

t  59  E  4 

Dirt  road  (west) 

34 

192 

6  725  5 

8  05E  5 

1  79  E  4 

1  45C  4 

9  89  E  5 

Dirt  road  (west) 

96 

192 

7  235  5 

8  71  E  5 

1  94E  4 

t  61  E  4 

1  08  E  4 

Dirt  road  (westi 

100 

192 

7  8J55 

9  54  E  6 

2  1j_4 

1  F  4 

1  18E4 

Dirt  road  (west) 

105 

192 

8  17E  5 

1  U0E4 

2  34  t  4 

1  87  E  4 

1  26E  4 

Dirt  road  (east) 

92 

12 

5  77  E  5 

7  031' 5 

1  45  E  4 

1  21  E  4 

8  33  E  5 

Dirt  road  (east) 

94 

12 

5  57  E  5 

6  72  E  5 

1  33  E  4 

1  1 7  C  4 

35  E  5 

Dirt  rocrf  east) 

96 

12 

5  47  E  5 

6  56  c  5 

1  39  E  4 

1  15  E  4 

7  97E-5 

Dirt  road  (east) 

100 

12 

6  75  E  5 

8  04  c  5 

1  88  E  4 

1  67  f  4 

1  02  E  4 

Dirt  road  (east) 

105 

12 

7  96  E  5 

9  69E  5 

2  23  E -4 

1  83  E  4 

North 


East 


Southwest 


Fig.  7-5.  Views  of  harvested  rice  fields  at  Lop  Buri  site  during  TDY-2. 


Station  2.5,  8  March  1969  (Table  7-15}.  Lop  Buri  site  in  the  relatively  dry  season  during  moonlight. 
The  moon  phase  angle  was  57°,  moon  zenith  angle  69°to  561,  and  mof'-  azimuth  118  to  127'from  the  ncrth. 
Evening  began  with  haze  at  the  horizon  but  clear  skies  overhead  and  a  windspeed  of  3  to  8  km'hr  from  the 
south  to  southeast.  Then  a  smoke  trail  blew  in  from  the  south  in  a  very  tight  smoke  layer  which  occulted 
the  moon.  This  happened  before  the  nephelometer  measurements.  By  the  t  me  the  background  .adiance 
measurements  were  being  made,,  the  smoke  had  scattered  somewhat.  Smoke  had  completely  cleared  away 
by  the  end  of  measurements.  Measurement  time  span  was  2351  to  0057  LOT. 


4 
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Table  7-15.  Station  2.5 


Filters 


Variable  Name 

1 

2 

3 

4 

5 

Total  Scattering  Coefficient  (m  ') 

2  55E4 

2  25  E4 

1  48  E  4 

1  42  E  4 

1  96  E-4 

<r(0  30  )  s {0i 

0  370 

0  361 

0  273 

0  196 

0  289 

<•  (0  150  )  stO) 

0  0223 

n 

0  0178 

0  0137 

0  0197 

.1(0  30  )  <»(0  150  , 

16  6 

16  7 

15  4 

14  3 

14  7 

Downweiling  Irradiance  ( W  m 

(Before) 

1  78  E  4 

1  92  E  4 

2  42E4 

1  85  E  4 

1  90  E  4 

( After) 

2  70  £-4 

2  95  E  4 

4  00  E4 

2  93  E-4 

2  80  E-4 

Station  2.6,  9  March  1969  (Table  7-16).  Lop  Buri  site  in  the  relatively  dry  season  during  starlight  be¬ 
fore  moonrise,  There  was  haze  on  the  horizon  but  the  sky  was  clear  overhead.  The  windspeed  was  8  to 
11  km/hr  from  the  south  to  southeast  Measurement  lime  span  was  2123  to  2314  LCT.  Moonrise  was  at 
2315  LCT.  Data  were  taken  just  prior  to  the  advent  of  Flight  92  in  the  same  general  area  as  the  ground 
station. 


Table  7-16.  Station  2.6 


Filters 

Variable  Name 

1 

2 

3 

4 

5 

Total  Scattering  Coefficient 

‘‘1 

2  94  E-4 

2  60E4 

1  70  E-4 

1  65  E-4 

2  27  E-4 

<r  (0  30  )  S  i0» 

0  327 

0  308 

0  227 

0  166 

0  255 

<*t0  150  )  s(0) 

0  0215 

0  0210 

- 

0  0137 

0  0202 

»n0  30  i  '»i0  150  ) 

15  2 

14  7 

- 

121 

126 

Downweiling  Irradiance  <W  m': 

(Before) 

5S0E-6 

5  67E6 

9  42E-6 

1  10E-5 

7  08E-6 

t  After) 

S9IE6 

9  28  E  6 

1  34  E  5 

1  26E  5 

1  02  E  5 

Terrain  Description 

Path  of  Sight 

Zenith  Angle  Azimuth 

1 

Radiance  (Watt  H" 1 

Filters 

2  3 

m" 2  /7m*  l) 

4 

5 

Harvested  Rice  Field 

180 

’  60E-7 

1  80  E  7 

5  21  E  7 

5  95E  7 

3  96  E-7 

Harvested  Rice  Field 

33 

West 

1  59  E  7 

2  14E  7 

5  07  E-7 

8  30E-/ 

4  52  E  7 

Harvested  Rice  Field 

95 

West 

1  74  fc  7 

2  19E  7 

5  65  E  7 

8  51  £7 

4  80  £-7 

Harvested  Rice  Field 

100 

ft**  St 

1  74  E  7 

5  51  E  7 

7  57  E  7 

4  4SE  7 

Harvested  Rice  Field 

105 

West 

1  70E  7 

1  98  E  7 

5  12  E  7 

6  11  E  7 

4  181  7 

Harvested  Rice  Field 

120 

West 

1  45  E  7 

’  55  E  7 

4  33  E  7 

5  46  E  7 

Harvested  Rice  Field 

135 

West 

1  29t  7 

1  56E  7 

4  1 3  E  7 

5  93  E  7 

3  54  E  7 

Harvested  Rice  Field 

93 

East 

1  63E  7 

2  11  E  7 

5  56E  7 

7  19E  7 

4  67  E-7 

Harvested  Rice  Field 

95 

East 

1  80  E  7 

2  18E  7 

5  79E  7 

7  40  E  7 

4  71  E-7 

Harvested  Rico  Field 

100 

East 

1  81  E  7 

2  27E7 

5  83E  7 

G  86E  7 

4  80  E  7 

Harvested  R*ce  Field 

105 

East 

2  03  c  7 

2  41  E  7 

6  36  E  7 

6  97E  7 

5  00  E  7 

Harvested  Rico  Field 

120 

East 

2  17c  7 

2  56  E  7 

6  31  E  7 

6  34  E  7 

5  00  £  7 

Harvested  Rico  Field 

136 

East 

2  29E7 

2  65E  7 

6  39  E  7 

5  91  E  7 

4  95 E-7 

Harvested  Rice  Field 

180 

2  40  r  7 

2  69  E  7 

6  28  E-7 

5  86  E  7 

4  91  t  7 

I 


Station  2.7,  9  March  1969  (Table  7-17).  Lop  Buri  site  in  the  relatively  dry  season  during  moonlight. 
The  moon  phase  angle  was  69'!  moon  zenith  angle  65' ’  to  54',  and  moon  azimuth  126'  to  136  from  the  north 
This  was  a  continuation  of  data -gathering  after  moonrise  on  the  same  night  as  station  2  6.  There  was  haze 
on  the  horizon  but  the  sky  was  clear  overhead.  The  windspeed  was  8  to  11  km.  hr  from  the  south  to  south¬ 
west.  Data  were  taken  from  0115  to  0221  LCT  in  conjunction  with  Flight  92  from  0031  to  0253  LCT  in  the 
same  general  area  as  the  ground  station. 


Table  7-17..  Station  2  7 


Filters 

Variable  Name 

1 

2 

•> 

4 

5 

Total  Scattering  Coefficient  <ro‘ 

3  23E4 

2  82E4 

1  84  F  4 

1  76  E  4 

2  3b  £  4 

.1(0  30  1  stOl 

0  330 

0  309 

0  224 

0  159 

0  250 

.•(0  ISO  1  <1(01 

0  0191 

0  0182 

0  0151 

0  01 13 

0  0170 

<r  (0,30  )  .» {0.150  ) 

17  1 

17  0 

14  8 

14  1 

14  G 

Downwelhny  Irradiance  .Wm_; 

/<m~ l) 

(Before) 

1  45E  4 

2  03  E  4 

1  59  E  4 

1  47  E  4 

(Alter) 

1  82  E  4 

2  oi  e  4 

2  77E  4 

2  07  E  4 

2  01  E  4 

Path  of  Siqht 

Radumi  » 

■  Watt  ».» 

•u  *  ,(fii  ‘  ’ 

Terrain  Description 

Zenith  Angle 

AJimuth 

1 

O 

3 

4 

5 

Harvested  Rice  Field 

180 

4  86  6  6 

6  12  E  6 

1  33  E  5 

1  36  C  5 

Harvested  Rice  Field  (East) 

83 

320 

6  56E  6 

8  30  E  6 

1  63  E  5 

1  94  E  5 

967E6 

Harvested  Rice  Field  (East! 

05 

320 

6  40  E  6 

8  00  E  6 

1  59  E  5 

1  84  E  5 

9  36  E  C 

Harvested  Rice  Field  (East) 

>00 

320 

6  28  E  6 

7  78  E  6 

1  56  F  5 

1  75  E  5 

9  1 0  E  G 

Harvested  Rice  Field  tEast) 

105 

320 

6  35  E  6 

7  89  E  6 

1  61  E  5 

1  74  E  6 

9  20E6 

Harvests  Rice  Field  (East) 

120 

320 

6  20E  6 

7  74  Eb 

t  60  E  5 

1  64  E  5 

9  07  E  6 

Harvested  Rice  Field  (East) 

135 

320 

5  97E6 

7  46  E  6 

1  55  E  5 

1  57  E  5 

8  67E  5 

Harvested  Rice  Field  iWest) 

93 

140 

8  40F  6 

1  11  E  5 

2  28  E  5 

2  32E  5 

1  36  E  5 

Harvested  Rice  Pield  (West) 

95 

140 

9C9E6 

1  1SE  5 

2  53  E  5 

2  94  E  5 

1  46  E  5 

Harvested  Rice  Field  (Wes*) 

100 

140 

9  I3E6 

1  18E5 

2  55E5 

2  86  E  5 

1  45  E  5 

Harvested  Rice  Field  (West) 

105 

140 

9  88  E  6 

1  19  E  5 

2  55  E  5 

3  02  E  5 

1  82E  5 

Harvested  Rice  Field  (West) 

120 

140 

8  05  E  6 

1  02  E  5 

2  08  E  5 

2  58  E  5 

1  60  E  5 

Harvested  Rice  Field  (West) 

135 

140 

9  19E  6 

1  03  E  5 

2  15E  5 

2  54E  5 

1  25  E  5 

Harvested  Rice  Field  (West) 

180 

6  45  E  6 

8  14  E^> 

1  73  E  5 

9  63  E  6 

Station  2.8,  11  March  1969  (Table  7-18).  Lop  Buri  site  in  the  relatively  dry  season  during  starlight 
prior  to  moonrise.  The  sky  was  clear  overhead,  the  horizon  was  hazy,,  and  the  windspeed  was  3  to  8  km  hr 
from  the  south  to  southeast.  Measurement  time  span  was  0036  to  0050  LCT. 
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Table  7-18.  Station  2.8 


Fi  iters- 


turf/ If  Name 

1 

2 

3 

4 

5 

ToHl  :*  at?.  ring  Coetm  <*  nt  In.  ’) 

3  40  £  3 

3  04E4 

2  02  £  4 

2  OLE  4 

2  72  £  4 

>-9  10  s.9< 

0  276 

0  206 

0  197 

0  135 

0  220 

«» (0  15fi  >  *»  tv*s 

0  0170 

0  0'62 

0  0133 

0  00975 

0  0151 

-Ml)  10  .  »•*»  TV.'  ‘ 

16  2 

16  4 

14  9 

13  8 

14.6 

Dovvewetlnuj  lirant-nv  t»  jW  m  ’  j*m  ) 


Station  2.9.  12  March  1969  (Table  7-19}.  Lop  Buri  site  in  the  relatively  dry  season  during  starlight 
prior  to  moonrise  A  heavy  haze  was  noticed  at  sunset  which  cleared  sufficiently  so  that  stars  were  visi¬ 
ble  though  fuzzy.  There  was  an  east  wind  at  16  to  19  km 'hr.  Measurement  time  span  was  2025  to 
2246  LCT 

Table  7-19.  Station  2.9 

Filters 


Variable  Nairn* 

1 

y 

3 

4 

5 

Total  Scattering  Coefficient  irr> 

x . 

2  95E-4 

2  43  £  4 

1  37  E  4 

1  38  E  4 

1  99  E  4 

«m0  o*i  .  siO> 

0  27/ 

0  25? 

0  168 

0  132 

0  216 

r  -MO  *  SlO) 

0  0174 

0  0167 

0  0138 

0  0107 

0  0174 

<7  (0.30  )  ’  H)  150  > 

15  9 

15  1 

12  2 

124 

12  4 

Downwellmg  Irradiance  (W  m"- 

tBeforel 

6  20  E6 

6  45E6 

9  28  E  6 

7  99E6 

7  29E-6 

i 

.{ 

«After> 

4  36  E6 

5  18E-6 

1  10E  5 

i 

Terrain  Description 

Path  of  Sight 

Zenith  Angle  Azimuth 

1 

Radiance  (Watt  f.i  1 

Filters 

2'  3 

m  *  fitn'  ! 

4 

5 

]  Harvested  hire  F*eld 

180 

- 

2  97F.-7 

9  49E  7 

1  48  E  6 

3  82  E  7 

t  Harvested  Rice  Field 

93 

West 

3  39  E  7 

4  42E  7 

1  02  E  6 

2  32E6 

4  05  E  7 

\  Harvested  Rice  F»eld 

95 

West 

3  50  E  7 

4  61  E  7 

9  JOE  7 

1  80E-6 

4  08  E  7 

•! 

J  Harvested  Ric»-  Field 

100 

Wes: 

3  80E7 

4  39  5  7 

8  42  E  7 

2  30E6 

3  99  E-7 

;  Harvested  Rice  Field 

i 

105 

West 

4  34  E  7 

4  99  E  7 

8  83  E  7 

1  69E-6 

3  46  E  7 

.!  h3rvested  Rice  Field 

120 

West 

2  37  E  7 

2  76  E  7 

6  26  E  7 

1  17E  6 

2  78  E-7 

Harvested  Rice  Field 

135 

A*S1 

2  65  E  7 

3  COE  7 

5  73  E  7 

1  16  E  6 

2  87  E  7 

Harvested  Rice  Field 

93 

East 

2  73  E  7 

3  03  E  / 

7  S3  fc  7 

1  ?7  E  B 

4  30  E  7 

Harvested  Rice  Field 

95 

East 

2  83  E  7 

3  02  E  7 

3  54  C  " 

1  23  F  6 

4  61  E  7 

I  Harvested  Rice  Field 

100 

East 

3  19£  7 

4  J7  £  7 

*  11  E6 

'  33  E  !. 

4  58  E-7 

]  Harvested  Rice  Fit* It! 

| 

105 

East 

3  12E  7 

3  33E  7 

7  35  E  7 

1  32E  6 

4  44  E  7 

i  Harvested  Rice  Field 

| 

120 

East 

3  24  £  7 

3  43  £  7 

6  58  £  7 

8  93  E  7 

3  95  E  7 

|  Harvested  Rice  Fi<dd 

135 

East 

2  71  E  7 

3  22  £  7 

7  56E  ^ 

1  l  =  E6 

•1  52  3  ; 

|  Harvested  Rice  Field 

180 

Cfc&E  7 

2  Sr  E  7 

8 OOF  7 

1  61  E  6 

4  70  E-7 

DIRECTIONAL  BACKGROUND  REFLECTANCE 

The  directional  background  reflectance  values  hR  .(0, are  presented  in  Table  7-20  for  the  wet  sea¬ 
son  TDY-1.  They  are  given  in  order  by  station  number  with  descriptive  information  on  the  phase  angle  and 


t 
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zenith  angle  of  the  moon.  The  reflectances  are  obtained  from  background  radiances  and  irradiances  mea¬ 
sured  concurrently,,  except  as  noted. 


The  reflectances  are  presented  with  two  significant  figures  indicating  the  reliability  of  the  values.  It 
should  be  kept  in  mind  that  there  is  an  expected  variability  in  reflectance  for  a  given  background  for  each 
path  of  sight  due  to  the  point-to-point  differences  in  the  background  over  a  large  area. 

No  reflectances  are  presented  for  TDY-2,  Reflectances  computed  using  an  average  of  the  irradiances 
measured  before  and  after  the  background  radiances  indicated  that  compensation  should  be  made  for  the 
change  of  irradiance  with  time.  This  could  be  done  by  assuming  that  the  irradiance  changed  linearly  with 
time.  This  will  be  the  topic  of  a  later  study. 


Table  7*20.  Directional  Reflectance,  Wet  Season  TDY-1 


Moon 

Path  of  Sight 

H«‘f  lectant  c 

Phase  Zenith 

Zenith 

Filters 

Station 

Angle  Angle 

Description 

Angle 

Azimuth 

1 

2 

3 

4 

5 

1  t 

85  63  64 

Rice  Field 

91 

0 

0  20 

0  1b 

0  65 

0  22 

90 

0  063 

0  11 

0  063 

0  62 

0  13 

180 

0  10 

0  15 

0  095 

0  77 

0  18 

1  2 

72  58  59 

Rice  Field 

92 

0 

0  062 

0  14 

Oil 

0  52 

0  15 

90 

0  046 

0  10 

0  060 

0  50 

0  11 

180 

O  063 

0  13 

U  |£0 

0  02 

i>  14 

1  3 

36  30  28 

Rtce  Field 

92 

0 

0  OJ4 

Oil 

0  097 

0  32 

0  U) 

180 

0  033 

0  072 

0  041 

0  39 

0  074 

270 

0  032 

0  072 

0  39 

0  076 

Dirt  Road  through  Rice  Field 
(West ) 

92 

110 

0  13 

0  16 

0  25 

0  29 

0  17 

1  7 

Before  Moonrise 

Sandy  Beach*’ 

103 

South 

(021  i 

(0  24 

!  (0  37  i 

0  22 

1  8 

Before  Moonrise 

Sandy  Beach 

100 

West 

- 

0  32 

Wild  Sweet  Peas  and  Grass 

92 

I'est 

0  15 

Ocean,  Shallow 

92 

South 

- 

0  43 

1  9 

Before  Moonrise 

Sandy  Beach f 

92 

West 

(0  24  1 

(0  26 

1  |0  39  1 

0  33 

94 

West 

(0  26  1 

.0  25 

(0  36 

0  29 

96 

West 

<0  23  i 

(0  24 

1  (0  36  1 

0.28 

92 

East 

<0  25  » 

(0  28 

)  iO  44  ■ 

0  33 

94 

Easi 

iO  23  • 

(0  25 

)  iO  41  ) 

0  30 

% 

Easi 

(0  23  ) 

IP  2b 

i)  3u 

Ocean,  Shallow 

92 

East 

(0  29  ) 

«0  29 

I  0  O’  1 

0  29 

1  10 

Before  Moonr.se 

Dirt  Road  (Near  Beach' 

92 

West 

- 

0  11 

96 

IVuSi 

O  0‘«4 

92 

East 

- 

0  12 

East 

0  12 

% 

East 

0  10 

Scrub  and  Sand 

94 

North 

- 

0  074 

96 

North 

- 

- 

- 

- 

0  078 

*  Dowrweilmg  irradiance  measured  after,  rather  than  simultaneously  with,  /id  radiance* 

•  Values  in  parenthesis  used  downwellinq  eradiance  based  on  airborne  values  of  Plight  8? 
t  Values  in  parenthesis  used  downweHing  irradiance  based  on  airborne  values  of  Plight  881 


7.3  GROUND-BASED  DATA  INTERPRETATION 


TOTAL  AND  DIRECTIONAL  SCATTERING 

The  attenuation  coefficient  is  a  direct  measure  of  air  clarity.  In  the  absence  of  absorption,,  the  atten¬ 
uation  coefficient  and  total  scattering  coefficient  are  equivalent. 

The  ground  stations  are  arranged  in  order  of  increasing  air  clarity  for  Filter  5  (decreasing  total  scat¬ 
tering  coefficients)  in  Table  7-21 .  The  range  of  scattering  coefficients  from  2.72 E-4  to  8.08E-5  is  slightly 
different  than  for  the  airborne  data  from  2.19 E-4  to  4.19E-5  (Table  6-5)  Seven  flights  show  coefficients 
less  than  8.08 E-5  for  Filter  5.  Six  of  those  seven  flights  occurred  after  12  March  1969,  which  is  the  date 
of  the  last  ground  station  with  recoverable  data.  Only  three  ground  stations  show  total  scattering  coeffic¬ 
ients  greater  than  2.19E-4. 


Table  7-21.  Total  Scattering  Coefficients  for  Ground 
Stations  Ordered  by  Increasing  Air  Clarity  for  Filter  5 


St  on 

Date 

i 

Total  Scattering  Coefficient  <m‘  ') 

Filters 

2  5  3 

4 

28 

1 1  Mji  69 

3  406  4 

3  04  £  4 

2  72  E4 

2  02  E  4 

2  05  E  -4 

2  7 

9  Mdf  <39 

3  23  F  4 

2  82  E  4 

2  36  E  4 

1  84  E  4 

1  76  E-4 

26 

9  Mar  69 

2  94  F  4 

2  60  E  4 

2  27  E  4 

I  70  E  4 

1  65  E-4 

29 

'2  Mil  69 

2  95E  4 

2  43  E  4 

1  99  E  4 

1  37  E  4 

1  38  E  4 

25 

8  Mar  69 

2  65  E  4 

2  25  E  4 

1  96E  4 

1  48  E  4 

1  42E4 

1  8 

13  Oct  68 

1  62  E  4 

l  56  E  4 

1  76  E  4 

1  34E4 

1  11  E-4 

I  3 

3  O  t  68 

1  95  F  4 

1  67E  4 

1  75E  4 

1  08  E  4 

9  08E5 

*  2 

30  S**;>  f>8 

'  92  E  4 

1  48  £  4 

1  62  E  4 

1  10E  4 

8  23  E  6 

1  4 

9  0,1  68 

1  35  E  4 

1  24  E  4 

1  54  E  4 

1  WE  4 

1  11  E  4 

1  6 

1 1  a  i  •>» 

1  57  E  4 

I  27  E  4 

I  50  E  4 

9  77E5 

8  51  E  5 

1  ? 

12  Oct  os 

1  63  E  4 

1  22E  4 

1  36  E  4 

9  32  E  5 

8  04  E  5 

i  10 

::  a  i  a 

1  56  E  4 

1  20  E  4 

l  35  E  4 

1  02  E  4 

8  78E  5 

4  5 

M0<|  n8 

1  39E  4 

1  19E  4 

I  28  E  4 

3  05E5 

7  92  E  5 

i 

19  Oil  bB 

1  24  E  4 

i  09  E  4 

1  13  E  4 

8  29  E  6 

7  70  E  5 

”1  o' 

26  f.  !<  o9 

1  42E  4 

1  24  £  4 

9  91  £  5 

6  62  E  5 

6  34  E  5 

1  1 

29  Sen  69 

i  as  E  4 

7  91  E  5 

8  -  >8  E  5 

5  52  E  5 

5  6 1  E  5 

Airborne  and  (hound- Bated  Total  Scattering.  The  airborne  and  ground-based  measurements  of  total 
scattering  coefficient  for  the  three  nights  of  near  concurrent  air  and  ground  operation  are  tabulated  in 
Table  7-22.  The  data  are  given  in  chronological  order.  Two  values  of  scattering  coefficient  per  filter  are 
given  for  each  flight.  One  value  is  for  the  measurement  during  the  lowest  altitude  of  level  flight.  The 
second  value  is  obtained  from  the  data  at  the  lowest  altitude,,  in  parenthesis,  of  the  ascent  or  descent 
flight  mode.  Tms  second  value  has  been  extrapolated  to  ground  level  by  assuming  an  optical  standard  at¬ 
mosphere  for  the  intervening  path  (Eq.  2-9)  which  increased  the  measured  value  by  approximately  2V 

For  9  March  1969  we  have  data  on  two  ground  stations  (2  6  during  starlight  and  2.7  during  moonlight) 
as  well  as  on  Flight  92  (during  moonlight).  Some  of  the  measurements  were  taken  concurrently  Quite 
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clearly  the  ground-based  data  show  relatively  little  change  with  time.  The  airborne  data,  although  slightly 
lower  in  magnitude  than  the  ground-based  data,,  also  indicate  relatively  little  change  with  time.  Clearly, 
the  atmosphere  in  the  interval  from  ground  level  to  a  168-through-183  m  altitude  is  not  well  represented  by 
the  optical  standard  atmosphere  for  Flight  92.  It  would  be  more  reasonable  to  extrapolate  to  the  ground- 
based  value  measured  during  station  2.7. 

For  the  two  earlier  dates,,  12  October  and  19  October  1968,  the  airborne  scattering  coefficient  data 
show  a  clear  change  with  time,,  i.e.,  increased  scattering  as  time  progressed.  Due  to  the  lack  of  ground- 
based  data  concurrent  with  or  preceding  the  airborne  data,  it  is  not  possible  to  determine  whether  the 
ground-based  data  indicate  a  further  decrease  in  air  clarity  with  time  or  also  indicate  that  the  ground  level 
to  195  m  interval  cannot  be  represented  by  the  optical  standard  atmosphere. 

The  Rayong  ground  station  data  for  station  1.9  are  compared  to  data  from  Flight  881  since  the  airplane 
was  in  sight  from  the  ground  station  during  the  flight  pattern  The  ground  station  data  are  not  compared  to 
data  from  Flight  8811  however,,  since  this  flight  was  over  land  farther  east  beyond  a  iow  range  of  hills. 
The  airplane  was  not  visible  from  the  ground  station  during  Flight  8811 

The  data  in  Table  7-22  indicate  the  importance  of  concurrent  air  and  ground  station  operation  for  full 
documentation  of  the  total  scattering  coefficient  profile  with  altitude.  The  ground  station  provides  the  an¬ 
choring  ground  level  value  to  complete  the  profile  with  any  degree  of  certainty. 


Table  7-22.  Airborne  and  Ground-8ased  Measurements  of  Total  Scattering  Coefficient 


Date 

Flight  or 
Station  No. 

Time  LCT 

Start  End 

Altitude 

(Meters) 

Mode 

1 

Total  Scattering  Coefficient  (nT* 
Filters 

2  3  4 

1 

5 

12  Oct  68 

87 

1926 

1930 

191 

L 

8  34  £  5 

6  68 E-5 

4  87  E  5 

3  95E5 

1  01  E4 

12  Oct  68 

87 

2013 

2035 

0(183> 

A  D 

1  23  E  4 

1  07  E-4 

9  44E-5 

6  65  E  5 

1  10  E  4 

12  Oct  68 

1  7 

2134 

2143 

0 

GS 

1  63  E  4 

1  22  E  4 

9  32E5 

8  04  E  5 

1  36  E-4 

19  Oct  68 

881 

2111 

2121 

195" 

L 

8  45  E  5 

6  97  E  5 

4  92  E-5 

3  87  E  5 

8  14  E-5 

19  Oct  68 

881 

2200 

2226 

0(183! 

A  D 

1  08  E-4 

8  00E-5 

5  59  E  5 

4  68  E-S 

9  86  E-5 

19  Oct  68 

1  9 

2243 

2251 

0 

GS 

1  24  E  4 

1  09E-4 

8  29  C  6 

7  70E  5 

1  13  E-4 

9  Mar  69 

26 

2123 

2314 

0 

GS 

2  94  £4 

2  60  E  4 

i  70E  4 

1  65  E  4 

2  27  E-4 

9  Mar  69 

92 

0031 

0045 

168 

L 

2  34  E  4 

1  88  E-4 

1  11  E4 

6  80E5 

1  77  E-4 

9  Mar  69 

2.7 

0206 

0220 

0 

GS 

3  23  E  4 

2  82E-4 

1  84  E  4 

1  76  E-4 

2  36  E  4 

9  Mar  69 

92 

0226 

0249 

0(183i 

A  D 

2  22E  4 

1  79  E  4 

1  13  E-4 

6  99  E  5 

1  88  E  4 

*  Values  in  parenthesis  are  lowest  altitudes  of  measurement 
•*  Filter  1  value  is  for  502  m  altitude 
L  -  Level  A  D  -  Ascent  or  Descent  GS  Ground  Station 


Directional  Scattering.  The  data  on  directional  scattering  are  presented  in  the  form  of  proportional  di¬ 
rectional  scattering  coefficients  ct(0,30°)/s(0)  and  rr (0,1 50° )  /s(0).  This  form  is  particularly  useful  since 

jlatz.fi)/ s(z)ld«  =  1.  (7-2) 

477 
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The  dimension  of  the  proportional  directional  scattering  coefficient  is  per  steradian.  The  values  for 
a (z,30u )/s(z )  should  be  0.1  and  the  values  for  u(z,150'')/'s(z)  should  bo  0.1.  This  latter  evaluation 
comes  from  inspecting  the  catalog  of  proportional  directional  scattering  coefficients  published  bv 
Barteneva  (1960).  Refer  to  Appendix  F.  All  the  ground-based  directional  scattering  data  meet  these  cri¬ 
teria.  The  values  of  proportional  directional  scattering  coefficients  may  be  converted  to  directional  scat¬ 
tering  coefficients  in  units  of  Q"1  m_1  by  multiplying  by  the  total  scattering  coefficient. 

No  valid  data  on  directional  scattering  are  available  from  the  airborne  operation.  Therefore  the  ground- 
based  data  are  all  the  more  valuable  as  the  only  measure  of  the  directionality  of  the  volume  scattering 
function. 

The  ratio  of  forward  scattering  to  backscattering  at  30°  and  150°  is  a  useful  indication  of  the  direction¬ 
ality  of  the  scattering.  For  TDY-1  this  ratio  generally  increased  with  wavelength.  That  is  reasonable 
since,  although  the  Mie  volume  scattering  function  may  show  the  opposite  effect,  i.e.,  decreased  ratio 
with  wavelength,  the  additive  Rayleigh  component  affects  the  smaller  wavelengths  to  an  even  greater  ex¬ 
tent,  effectively  reversing  the  ratio  with  wavelength. 

For  TDY-2  the  ratio  is  generally  reversed.  For  five  of  the  six  TDY-2  stations,  the  total  scattering  co¬ 
efficients  are  the  largest  of  all  the  ground  station  data.  These  five  stations  were  at  Lop  Buri  where 
smoke  from  burning  rice  fields  was  commonplace  so  increased  scattering  coefficients  are  not  unexpected. 
The  effect  of  the  Rayleigh  component  on  the  directional  scattering  would  decrease  with  the  increase  in 
total  scattering  coefficient.  But  this  would  not  account  for  the  ratios  for  station  2.2  at  Rayong  (with  one 
of  the  smallest  total  scattering  coefficients),  nor  would  it  account  for  the  shift  between  stations  1.8  and 
2.5  (with  a  small  change  in  total  scattering  and  a  reversal  of  the  order  of  the  ratio  by  wavelength).  We  are 
in  the  process  of  investigating  the  TDY-2  directional  data  and  suggest  caution  in  its  use. 

Selection  of  Mie  Volume  Scattering  Function.  A  verification  of  the  method  of  selecting  the  Mie  vol¬ 
ume  scattering  functions  for  the  airborne  data  was  obtained  with  the  directional  scattering  data  measured 
at  the  ground  station  during  the  three  nights  of  concurrent  ground  and  flight  operation. 

For  both  stations  1 .7  and  1.9  the  a(0,30c)/a(0,150°>  ratios  (6.9  and  6.7,  respectively,,  for  Filter  5)  are 
halfway  between  the  ratios  of  5.0  and  8.5,  which  are  for  Barteneva  function  numbers  4  a.  i  5.  Since  the 
airborne  scattering  coefficient  at  the  lowest  altitude  for  both  Flights  87  and  881  was  lower  t'ian  the  ground 
station  scattering  coefficient  (refer  to  Table  7-22).  the  airborne  volume  scattering  function  should  be  more 
similar  to  number  4  than  number  5.  Number  4  was  also  the  function  selected  on  the  basis  of  the  total 
scattering  coefficient  for  Filter  5  for  both  flights  (refer  to  Table  6-5) 

A  similar  comparison  for  the  9  March  1969  data  is  not  as  good.  This  might  be  expected  since  the 
TDY-2  ground  station  directional  scattering  data  are  somewhat  suspect  due  to  the  decrease  of  ratio  with 
increased  wavelength.  The  ratios  for  stations  2.6  and  2.7  (12.6  and  14.6,,  respectively)  indicate  a  function 
closest  to  numbt  6,,  whereas  number  5  was  selected  on  the  basis  of  the  slightly  smaller  total  scattering 
coefficient  at  the  lowest  airborne  altitude. 

DOWNWELLING  IRRADIANCE 

A  summary  of  downwelling  irradiance  H(0,d)  measured  at  ground  level  is  presented  in  Table  7-23.  The 
stations  are  arranged  in  order  of  increasing  irradiance  for  Filter  5.  The  range  is  comparable  to  the  range 
encountered  during  the  airborne  measurements  (refer  to  Table  6-3).  The  moon  phase  angle  and  zenith  angle 
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are  given  in  the  second  and  third  columns.  They  indicate  the  comparative  contribution  of  the  moon  to  the 
total  irradiance  (see  Fig.  6-1). 

The  stations  are  arranged  into  three  irradiance  or  flux  levels  corresponding  to  the  groupings  utilized 
for  the  airborne  data.  (1)  The  low  flux  level  is  for  starlight.  (2)  The  intermediate  flux  level  is  typified 
by  the  quarter  moon  or  90°  phase  angle.  These  stations  cover  moon  phase  angles  from  85°  to  46°.  (3)  The 
high  flux  level  irradiances  are  for  full  or  near  full  moon  with  phase  angles  from  18°to  40°. 


Table  7-23.  Downwelling  Irradiance  H(z,d)  Watt  m~2  /zm_1  for  Ground  Stations 


Moon 

Station 

Phase 

Zeni*h 

Filters 

Flux  Level 

No 

Angle 

Angle 

1 

2 

5 

3 

4 

Starlight 

2  9 

Before  Moonrise 

6  20  E  6 
4.86  E-6 

6  45  E  6 

5  18E-6 

7  29  E  6 

9  28E6 

1  10E-5 

7  99  E-6 

2  6 

Before  Moonrise 

5  50  E-6 

8  91  E  6 

5  67  E-6 

9  28  E  6 

7  08  E-6 

1  02  E  5 

9  42  E  6 

1  34  E  5 

1  10E-5 

1  26  E  5 

1.10 

Before  Moonrise 

- 

- 

1  20E-5 

- 

- 

1  9* 

Before  Moonrise 

<1.14  E  -5 ) 

11  28E-5) 

1  45E-5 

(1  78E-51 

- 

1  8 

Before  Moonrise 

- 

- 

1  56  E  5 

- 

1  7" 

Before  Moonrise 

(9  36  E  61 

(1  06E-5) 

1  59E  5 

(1  83  E  51 

Quarter  Moon 

27 

69 

65-54 

1  82E-4 

1  45  E-4 

2  01  E-4 

1  47  E-4 

2  01  E  4 

2  03  E  4 
2.77  E-4 

1  59  E-4 

2  07  E-4 

1  1 

85 

63  64 

1  33  E-4 

1  86  E-4 

1  63  E-4 

2  38  E  4 

1 .84  E  4 

25 

57 

69-56 

1  78  E4 

2  70  E-4 

1  92  E-4 

4  00  E-4 

1.90  E-4 
2.80  E-4 

2  42  E-4 

4  OOE  4 

1  85  E-4 

2  93  E4 

1  2 

72 

58  59 

2  80  E4 

2  90E4 

2  70  E-4 

3  62  E  4 

2.80  E-4 

1  5 

46 

47-45 

4  02  E  4 

4  03  E  4 

3  84  E-4 

4  95  E-4 

4  08  E  4 

1.6 

58 

51-48 

3  96E-4 

4  10E-4 

3  86  E-4 

4  95  E-4 

3  92  E-4 

22 

62 

23  37 

4  35E4 

4  79  e  4 

4  54  E-4 

6  44  E-4 

4  80  E-4 

Full  Moon 

2  j 

40 

16  31 

8  75  E-4 

8  73  E-4 

9  36  E-4 

1  19F  3 

9  07  E-4 

1  4 

36 

26 

9  91  E  4 

1  00E-3 

1  02E-3 

1  14  E  3 

9  26  E4 

1  3 

36 

30  28 

1  15E3 

1  18  E  3 

1  23  E  3 

1  33E  3 

1  09  E-3 

2  4 

18 

37-27 

1  57  E  3 

1  68  E  3 

1  77  E-3 

2  19  E-3 

1.60E3 

*  Values  in  parenthesis  are  based  on  airborne  measurements  during  Flight  88! 
•*  Values  in  parenthesis  are  based  on  airborne  measurements  during  Flight  87 


Concurrent  Airborne  and  Ground-Based  Irradiate e  Measui emails.  A  comparison  is  given  in  Table  7-24 
for  Filter  5  of  the  irradiances  measured  during  starlight  at  the  ground  station  16  km  west  of  Rayong  with 
the  irradiances  from  the  airborne  data  during  flights  8  km  south  of  Rayong.  (Data  for  Filters  1  through  4 
were  not  available  for  starlight  flux  levels  for  TDY-1  ground  stations.)  Since  neither  the  times  nor  the  lo¬ 
cations  for  the  flights  and  stations  were  equivalent,,  the  comparison  is  mao  for  the  range  of  values  over 
the  measurement  time  span  in  both  cases.  By  using  the  range  of  values  for  all  altitudes  from  the  flight 
data  in  the  comparison,  we  are  interpreting  the  variability  as  being  primarily  a  time  and  horizontal  loca¬ 
tion  variability  rather  than  a  true  function  of  altitude  change.  The  ranges  are  reasonably  comparable,  par¬ 
ticularly  for  12  October  1968. 
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Table  7-24.  Starlight  Airborne  and  Ground-Based  Irradiances 


Downwelling  It  radiant e 

Flight  or  Altitude  (m)  Time  LOT  (Watt  m'  :  urn  1 ) 


Drift* 

Station  No 

Start 

Etxl 

Sian 

End 

Mimmurn 

Maximum 

12  Oct  68 

87 

19? 

1700 

1929 

2009 

1  32  E  5 

1  65E-5 

12  Oct  i>8 

t  7 

0 

0 

2125 

2145 

1  42  E  5 

1  59E-5 

19  Oct  68 

88! 

197 

1710 

2113 

2155 

1  I6E  5 

1  41  E  5 

19  Oct  68 

1  9 

0 

0 

2113 

2251 

1.42E-5 

1  47E-5 

A  comparison  of  the  airborne  and  ground-based  data  for  moonlight  Flight  92  and  station  2.7  near  Lop 
Bur i  is  given  in  Table  7-25.  These  data  were  taken  during  a  rising  moon  with  phase  angle  70°  (zenith  an¬ 
gle  range  from  74°  to  54°),  Airborne  data  are  taken  at  approximately  the  same  times  as  the  ground-based 
irradiance  data.  In  this  instance  the  obvious  primary  effect  is  the  increase  in  irradiance  as  the  moon 
rises.  The  ground  and  airborne  data  are  reasonably  comparable  for  all  filters  at  equivalent  times. 

The  comparability  of  the  airborne  and  ground-based  measurements  of  downwelling  irradiance  during  the 
three  nights  of  concurrent  air  and  ground  operations  indicates  that  the  use  of  the  downwelling  irradiance 
from  the  lowest  flight  altitude  is  indeed  reasonable  for  computation  of  the  directional  path  reflectances 
(Eq.  2-4). 


Table  7-25.  Moonlight  Airborne  and  Ground-Based  Irradiances 


Downwelling  Irradiance  { Watt  m  - 


Dritt* 

Flight  or 

Station  No 

Altitude* 

Time  LCT 

Start  End 

1 

2 

Fi  Iters 

3 

4 

5 

9  Mar  69 

92 

778 

0108 

0122 

1  35  E  4 

1  47  E  4 

2  02  E  4 

1  09  E  4 

1  4SE  4 

9  Mar  69 

2  7. 

0 

0115 

nitb 

1  45  E  4 

2  03  E  4 

1  59  E  4 

1  47  E  4 

9  Mar  69 

92 

1376 

0147 

fVOl 

2  !SE  4 

2  OPE  4 

2  COE  4 

3  05  E  4 

2  36t  4 

9  Mar  69 

27 

0 

0157 

0158 

1  82  E  4 

2  01  E  4 

2  77E4 

2  07  £  4 

2  01  E  4 

TERRAIN  RADIANCE  AND  REFLECTANCE 

During  TDY-1  the  terrain  radiances  were  measured  for  the  shallow  paths  of  sight,,  zenith  angles  from 
92° to  105°,,  since  these  were  the  angles  most  pertinent  to  the  SHED  LIGHT  task.  The  rice  field  reflectances 
clearly  show  the  expected  spectral  characteristics  for  the  presence  of  xanthophyll  and  chlorophyll.  There 
is  a  small  peak  in  the  spectral  curve  for  Filter  2  (mean  wavelength  A  =  515  nm)  iying  between  the  lower  re¬ 
flectances  for  Filter  1  (A  -  478  nm  showing  xanthophyll  absorption)  and  Filter  3 (A  -  663  nm  showing  chlor¬ 
ophyll  absorption)  The  highest  reflectance  is  for  Filter  4  (A  =  740  nm).  The  reflectance  for  growing  rice 
for  Filter  5  (A  =  525  nm)  are  most  similar  to  those  of  Filter  2. 


During  TDY-2  an  attempt  was  made  to  obtain  terrain  radiances  for  both  the  shallow  angles  and  the 
steeper  paths  of  sight  in  order  to  more  fully  document  the  directional  reflectance  characteristics  of  the 
terrain.  Unfortunately,,  due  to  instrumental  difficulties,  it  was  not  possible  to  obtain  a  direct  measure- 


7-25 


7 


merit  of  downweliing  irradiance  for  the  first  eight  stations  of  TDY-2,  therefore,,  simultaneity  of  background 
radiance  and  downweliing  irradiance  was  not  achieved.  Data  foi  the  remaining  ground  stations  were  not 
recoverable  due  to  data  logger  magnetic  tape  handling  difficulties 

Great  caution  should  be  exercised  in  attempting  to  obtain  reflectance  values  for  the  TDY-2  terrain  rad¬ 
iance  data.  When  only  one  measurement  of  downweliing  irradiance  is  available  (stations  2.2  through  2.4),, 
there  is  no  way  to  determine  if  it  was  a  stable  value  throughout  the  period  of  measurement  or  a  highly  var¬ 
iable  one.  For  instance,  during  TDY-1  at  station  1.2,  measurements  of  terrain  radiance  were  made  for  only 
three  paths  of  sight,  But  the  downweliing  irradiance  measurements  for  Filter  5,  made  simultaneously  with 
Filter  5  terrain  radiance  measurements,  showed  values  of  3.50E-4,,  1.90E-4,  and  2.6E-4  W  Q-1  nT-  //m_l  in 
that  order  over  a  period  of  only  8  minutes  Stations  2.6  through  2.8  have  two  measurements  of  downwel- 
ling  irradiance  and  two  measurements  of  nadir  reflectance  of  the  terrain  representing  the  conditions  at  the 
beginning  and  end  of  the  terrain  radiance  set.  If  both  the  nadir  terrain  radiance  and  the  downweliing  ir¬ 
radiance  show  a  consistent  shift  with  time  for  all  filters,,  it  is  probably  reasonable  to  use  a  linear  inter¬ 
polation  of  irradiance  with  time..  If  they  indicate  a  variability  fi Iter -to-fi Iter  or  an  inconsistency  between 
nadir  radiance  change  and  irradiance  shift,  the  situation  is  variable  and  any  reflectances  derived  are  rela¬ 
tively  unreliable. 

The  importance  of  making  simultaneous  measurements  of  downweliing  irradiance  and  terrain  radiance 
for  obtaining  reliable  values  of  terrain  reflectance  cannot  be  overemphasized. 

SUMMARY 

The  twofold  purpose  of  the  ground  station  was  (1)  to  provide  measurements  of  inherent  background 
radiance  and  reflectance  and  (2)  to  provide  continuity  of  measurement  by  establishing  ground-level  values 
of  downweliing  irradiance  and  total  volume  scattering  coefficient. 

A  particularly  excellent  job  of  supplying  background  radiance  measurements  was  achieved  through  the 
ground  station.  The  large  aperture  telephotometer  worked  well  at  even  the  extremely  low  flux  conditions  of 
starlight  with  no  moon.  The  measurement  method  for  obtaining  reflectances  with  simultaneous  measure¬ 
ments  of  downweliing  irradiance  and  terrain  radiance  was  also  excellent  The  need  for  simultaneity  was 
underscored  by  the  recovery  problems  encountered  due  to  instrumental  difficulties. 

The  necessity  of  measuring  the  total  volume  scattering  coefficient  at  ground  level  to  provide  contin¬ 
uity  of  measurement  for  each  flight  was  indicated  by  the  data  from  the  three  nights  of  concurrent  air  and 
ground  operation.  Downweliing  irradiance  data  from  these  same  three  nights  indicate  that  it  is  reasonable  t 

to  use  the  airborne  downweliing  irradiance  at  the  lowest  flight  altitude  to  obtain  the  directional  path  re¬ 
flectance..  These  ground-station  data  provided  a  validation  of  the  method  used  for  selecting  the  shape  or 
the  volume  scattering  functions  for  the  airborne  data. 
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8.  Royco  Data 


The  data  presented  in  this  section  were  collected  by  the  airborne  Royco  particle  counter.  The  data 
collected  by  the  ground-based  system,  approximately  726  samples,  are  still  being  evaluated  and  will  be 
presented  in  a  separate  report. 

The  analysis  of  these  airborne  Royco  data  will  be  developed  using  the  ground  station  data  as  a  statis¬ 
tical  base.  Of  the  726  ground  samples  available,,  566  of  them  were  obtained  during  TDY-2  These  aerosol 
samples  were  drawn  from  inside  the  integrating  nephelometer  shroud  during  each  ground-based  data  set 
The  comparison  of  these  Royco  samples  with  the  simultaneous  measurements  of  total  and  directional  scat 
tering  coefficients  will  provide  the  base  line  data  for  future  evaluation  and  analysis  of  the  Royco  system 
performance 

The  data  in  Table  8  1  lists  the  particles  per  cubic  meter  detected  and  counted  by  the  Royco  system  dur¬ 
ing  the  flights  being  reported.  The  particles  included  in  this  total  count  range  in  size  from  0  36//  to  27  0// 
Note  that  minimum  altitudes  are  not  the  same  for  each  flight  The  altitude  increments  which  are  shown  as 
1000  feet  are  approximate,  the  exact  value  being  the  altitudes  shown  in  th°  data  tables  of  Section  6. 

The  accumulation  intervals  listed  show  variation  in  time  from  2  imnutes  to  10  minutes  The  length  of 
the  interval  is  reported  because  it  may  be  considered  as  an  indication  of  the  measurement  reliability,  a 
10-mmute  average  presumably  has  a  higher  reliability  than  a  4-minute  or  2-minute  average  In  all  in 
stances  the  data  are  reduced  to  particles  per  cubic  meter. 
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Table  8  1  Iota*  Particle  Count,,  Particles  per  Cubic  Meter 


Flipl't 

No 

Minimum 

Altitude 

(in  1000  ft) 

Mi  nut. uni 

Alii  Hide' 

Mimimmi 

Altitude 

*  1000  ft 

Minimum 

Altitude 

.  200of; 

Minimum 

Altitude 

*  3000  ft 

Minimum 

Altitude 

i  4000  ft 

Minimum 

Altitude 

•  5000  ft 

Accumulation 

Interval 

(in  minutes) 

TOY  1 

821 

3  0 

4  29  E  .5 

3  86  F  5 

5  54  E  5 

5  62  E  5 

1  09  E  5 

9  85  E  5 

2 

3211 

1  5 

1  00  E  6 

5  81  E  5 

3  72  E  5 

3  .33  E  5 

i  29  E  5 

4 

86 

2  1 

2  55  E  6 

1  61  E  6 

1  34E  6 

9  60  E  5 

4  36  E  5 

Variable 

87 

No  Data 

- 

- 

881 

05 

5  34  E  0 

2  50  E  6 

3  68  E  6 

2  67  E  6 

1  87  E  6 

9  85  F.  5 

4 

8811 

2  5 

1  89  E  6 

1  01  E  6 

8  56  E  5 

5  92  E  .5 

4 

89 

1.1 

9  96  E  6 

8  22  E  6 

4  28  E  6 

3  10*  6 

4 

TDY  2 

91 

0  7 

1  05  E  8 

7  82  E  7 

1  16  E  8 

8  79  E  / 

7  48  E  7 

5  48  E  7 

10 

92 

05 

6  83  E  7 

6  03  E  7 

5  67  E  7 

4  93  E  7 

6  95  E  7 

6  21  E  7 

10 

93 

1.6 

1  40E  8 

1  06  E  8 

1  27  E  3 

1  40  E  8 

8  44  E  7 

7  04  E  7 

10 

96 

1  3 

5  41  E  3 

6  33  E  7 

b  25  E  7 

6  37  E  7 

5  02  E  7 

5  78  E  7 

10 

97 

05 

2  21  E  7 

4  09  E  7 

3  61  E  7 

3  14  E  7 

1  41  E  / 

1  90  E  7 

10 

98 

06 

5  77  E  7 

t>  27  E  7 

5  1 9  E  7 

7  38  E  7 

b  08  E  7 

7  37  F  7 

10 

99 

1.3 

6  49  E  7 

3  91  E  7 

6  03  E  7 

6.23 E  7 

4  46  E  7 

3  37  E  7 

10 

1001 

1  3 

7  25  E  7 

7  25  E  7 

5  69  E  7 

5  51  E  7 

4  87  E  / 

- 

10 

101 

05 

4  24  E  7 

3  51  E  7 

3  97  E  7 

5  21  E  7 

4  08  E  7 

2  66  E  7 

4 

102 

0  5 

1  94  E  6 

1  93  E  6 

1  91  E  6 

1  11  E  6 

1  56  E  6 

1  94  E  6 

4 
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Image  Transmission  by  the  Troposphere  I* 

Seibert  Q.  Duntley,  Almerian  R.  Boileau,  and  Rudolimi  W,  Preisf.ndorfer 
Scrip ps  Institution  oj  Oceanography^  Univtrstiy  oj  California.  La  Jolla,  California 
(Received  November  15,  1956) 

Quantitative  treatment  of  the  apparent  luminance  of  distant  objects  and  the  reduction  of  apparent  con¬ 
trast  along  inclined  paths  of  sight  through  real  atmospheres  has  been  accomplished  by  means  of  optical  data 
taken  from  an  aircraft  in  flight  Sample  data  from  a  single  flight  are  used  to  illustrate  some  of  the  principles 
involved  Correlation  has  been  found  between  the  humidity  profile  of  the  atmosphere  and  its  optical 
properties 


INTRODUCTION 

DISTANT  objects  are  usually  viewed,  photo¬ 
graphed,  or  televised  by  means  of  some  path  of 
sight  through  the  atmosphere.  Conventional  principles 
of  geometrical  and  physical  optics  suffice  to  describe 
the  nature  of  the  final  image  except  for  effects  due  to 
the  atmosphere.  In  most  circumstances,  however,  the 
configuration  of  the  image  and  its  information  content 
ts  affected,  often  seriously,  by  its  transmission  from  the 
object  to  the  receiver.  The  atmosphere  can  be  regarded 
as  a  transmission  link  in  the  object-to~image  chain  and 
the  concomitant  effect  of  the  pertinent  optical  atmos¬ 
pheric'  properties  can  be  regarded  as  governing  its 
image  transmission. 

This  paper  is  intended  as  the  first  of  a  series  de¬ 
scribing  the  results  of  an  extensive  on-going  research 
program  which  has  already  been  in  progress  for  several 
years.  Results  from  numerous  theoretical  and  experi¬ 
mental  investigations  of  image  transmission  phe¬ 
nomena  arc  ieady  -o  be  reported  and  further  research 
of  many  kinds  is  in  progress.  Experimental  results  from 
a  single  flight  comprise  the  factual  content  of  this  first 
paper  and  the  equations  are  limited  to  certain  general 
relations  needed  for  the  practical  utilization  of  the  data ; 
this  is  in  keeping  with  the  scope  of  the  oral  version  of 
the  paper  as  presented  at  the  Cambridge  meeting  of  the 
International  Commission  on  Optics. 

The  specially  instrumented  B-29  aircraft  used  to  col¬ 
lect  the  data  reported  in  this  paper  has,  on  other  flights, 
secured  data  up  to  3C  000  ft  under  several  different 
atmospheric  and  lighting  conditions;  and  subsequent 
papers  in  the  series  will  present  data  from  these  and 
other  flights.  The  optical  properties  of  the  troposphere 
are  of  special  interest  because  most  viewing  iakes 
place  through  it.  Roughly  three-fourths  of  the  atmos¬ 
phere  lies  within  the  troposphere  and  because  this  lower 

*  Presented  at  the  Fourth  Congress  of  the  International  Com¬ 
mission  of  Optics,  held  in  Cambridge-Boston,  Massachusetts, 
March  Ci-Apri!  3,  1956.  Published  with  financial  assistance  from 
UNESCO  and  the  International  Union  of  Pure  and  Applied 
Physics. 

t  Contribution  from  the  Scripps  Institution  of  Oceanography, 
University  of  California,  New  Series  No.  921.  This  work  has  been 
supported  by  the  Geophysical  Research  Directorate  of  the  Air 
Fo'ce  Cambridge  Research  Center  and  the  Bureau  of  Ships  of  the 
U.  S.  Navy  under  contracts  NObs-43356,  NObs-50274,  NObs- 
72039,  and  NQfas-72092. 


air  often  contains  haze,  clouds,  dust,  and  rain  it  seri¬ 
ously  affects  image  transmission  more  frequently  than 
do  the  higher  strata.  Exploration  of  image  transmission 
phenomena  in  the  stratosphere  must  await  an  oppor¬ 
tunity  to  instrument  a  vehicle  having  greater  altitude 
capability.. 

SOME  GENERAL  PRINCIPLES! 

Introduction 

In  the  absence  of  appreciable  atmospheric  boil1  the 
apparent  radiance  of  any  distant  object  is  the  sum  of 
two  independent  components:  (1)  residual  image¬ 
forming  light  fnm  the  object  that  has  traversed  the 
atmospheric  path  without  having  been  scattered  or 
absorbed:  (2)  radiance  created  by  the  scattering  of 
ambient  light  throughout  the  path  of  sight,  including 
sunlight,  skylight,  earth-shine,  etc.  Only  the  first  com¬ 
ponent  contains  information  about  the  object,  for  the 
second  is  the  result  of  scattering  processes  throughout 
the  path  of  sight  and  is,  therefore,  independent  of  the 
nature  of  the  object.  In  this  pajier  the  image  trans¬ 
mission  of  any  path  of  sight  will  be  specified  in  terms  of 
the  transmittance  of  the  entire  path  and  the  path 
radiance.  No  theoretical  model  for  the  atmosphere  is 
needed ;  consequently,  nearly  all  restrictive  assumptions 
are  avoided  and  the  equations  can  be  used  to  describe 
any  path  of  sight  through  all  real  isotropic  atmospheres 
with  any  lighting  condition.  To  be  useful  in  practice, 
these  equations  must  be  supplied  with  data  and  these 
are  becoming  available  as  a  result  of  the  flight  it-scaicli 
program  now  in  progress. 

Notation 

The  notation  used  in  this  paper  has  been  adopted 
with  great  care  and  on  the  basis  of  experience  accumu¬ 
lated  over  many  years.  It  is  designed  to  fulfill  many 

t  The  principles  presented  in  this  caper  and  in  subsequent 
papers  of  this  series  were  formulated  in  unpublished  lecture  notes 
used  within  the  Visibility  Laboratory  of  the  Scripps  Institution 
of  Oceanography  which  include  generalize,  and  eztend  earlier 
work  by  the  authors  and  others  ( R.  W.  -Preiscndorfer,  "Lectures 
on  photometry,  hydrological  optics,  atmospheric  optics,"  Fall, 
1953,  Vnl.  I). 

1  Duntley,  Culver,  Culver,  and  l'reiscndorfcr,  J.  Opt  hoc  Am 
42,  877A  (1952);  publication  of  this  paper  is  planned 
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the  path  of  sight. 


requirements:  It  is  suited  to  the  terrestrially-based 
system  of  altitudes  and  directions  in  which  flight  data 
must  be  taken  and  it  is  fully  compatible  with  the  more 
powerful  veitor  notation  required  for  the  generalised 
theoretical  treatments  of  image  transmission  and  radia¬ 
tive  transfer  phenomena  to  follow.  It  is  compatible  also 
with  the  notation  commonly  used  in  several  mathe¬ 
matically  allied  fields  of  physics,  as  for  example,  neutron 
diffusion  theory.  It  is  extendable  to  hydrological  optics, 
a  natural  counterpart  of  meteorological  optics,  in  which 
the  authors  of  this  paper  are  deeply  interested. 

The  basic  symbol  employed  for  the  spectral  radiance 
is  N,  and  the  symbol  for  luminance  is  B.  The  altitude 
of  the  photometer  is  denoted  by  z,  the  height  above 
mean  sea  level.  The  direction  of  any  path  of  sight  is 
specified  by  a  zenith-angle  8  and  an  azimuth  angle  p, 
the  photometer  being  directed  upward  when  0<fl<ir/2, 
as  in  Fig.  1 ;  z,  8,  and  <j>  are  always  written  as  parenthetic 
attachments  to  the  parent  symbol.  When  the  post 
subscript  r  is  appended  to  any  symbol,  it  denotes  that 
the  quantity  jiertains  to  a  path  of  length  r.  The  sub¬ 
script  0  always  refers  to  tiic  hypothetical  concept  of  a 
ll||i|l  lfijl  j|.r  liji  ij|t  I  j|  ijjstntue  from  the  object,  as, 
for  example,  in  denoting  the  inherent  rmllame  of  a 
sMriii<e.  hi  SulibUipls  ltjtiiijly  ||ie  object,  thus  the 
pie-subscript  />  refers  to  background,  and  t  to  object 
or  visual  iarget.  Thus,  the  (lllimocltiuillflHl  j  inhetm 
spectral  radiance  of  an  object  t  at  altituilp  it  |||  t'|e»Vp|j 
in  the  rilfecflnh  f/lj)  Is  |.Yiifo,,«U)  aiitl  Hie  t()hM|ifi!|iilli!! 
apparent  radiance  observed  III  l  he  direr) hm  18, < t>)  at 
any  other  illtjtllde  s  is ,  V,  where  z,  =  z-f  r  rqsti  A 
post  superscript  *,  or  post-subst  ript  *  is  employed  as  a 
miitdhnnjc  symbol  signifvi!!|i  il|iii  llw  lailhjintdiie 

qtianilly  has  been  generated  by  the  si  uttering  of  ambl- 
l-lll  lilflif  rea'hinf!  the  path  from  all  direilinns.  Thus 
is  the  Spciint!  path  radiance  iibserved  at 
aUitude  2  in  the  indicated  direction,  and  ( N*z,o,(j>)  is 
wi  (I)  flpimlt*  path  fumlinn,  a  qimnlity  ileflned  iater 
in  this  piijicf . 

The  (niotiuchromatk)  apparent  ;/.,/r nj  tihfiiliKp  of 

any  distant  object  I  Is 

,  Y,fz,0,<#>)-  rt(s,8,4>)  ,.Vo(2i,ST)  |  Xr*(zfi,4>),  (i) 

it  Im  Ic  |llf  ft- sj  term  on  the  right  is  the  residual  image- 
forming  light  from  the  object  and  ihc  soiullij  (citj|  is  Ilia 
path  i:U|l;tf:rr  hit  to  scattering  prnrpsses  Ihriiughiiut 


the  path.  T,(2,d,<t>)  is  the  spectral  transmittance  of  the 
path  for  image-forming  rays;  it  includes  the  factor 
[nfzVwf:,)]1  required  by  geometriial  optics  whenever 
the  index  of  refraction  of  the  medium  at  the  observer 
O(s)]  differs  from  the  index  of  refraction  of  the  medium 
at  the  target  [>/(z,)].  In  the  case  of  paths  of  sight 
through  the  troposphere  the  departure  of  [h(z)/h(z,)]! 
from  unity  is  negligible.  The  transmittance  of  the  path 
is  a  property  of  the  atmosphere  throughout  the  path 
and  is  independent  of  the  distribution  of  the  ambient 
lighting;  in  the  case  of  any  path  of  sight  through  the 
troposphere  it  is  the  same  for  upward  or  downward 
transmissions,  thus  Tr(z,8,<t>)  =  T,(zt,  ir— 8,  n+<t>)  where 
z,=z+r  cost?.  Because  forward  scattering  generally  ex¬ 
ceeds  backward  scattering,  reversibility  is  not  true  of 
the  path  radiance  X,*(z,8,<fi)  except  for  a  few  sym¬ 
metrical  lighting  conditions,  such  as  (1)  horizontal 
paths  of  sight  under  a  uniform  overcast,  and  (2)  a  hori¬ 
zontal  path  at  right  angles  to  the  plane  of  the  sun  pro¬ 
vided  both  the  radiance  distributions  of  the  sky  above 
and  the  earth  below  the  path  are  symmetrical  with 
respect  to  the  plane. 

The  image  transmitting  properties  of  the  atmosphere 
can  be  separated  from  the  optical  properties  of  the 
object  by  the  introduction  of  the  contrast  concept : 

The  inherent  spectral  contrast  Co(zi,8,<t>)  of  an  object  is, 
by  definition, 

Co(zt,8,<f>)  -  [tXo(Zh8,<t>)—bXo(zt,8,<t>)~}/ tXro(z t,8,<t>).  (2) 

The  corresponding  definition  for  apparent  spectral  con¬ 
trast  is 

C,  (z, #,</>)  =  [,.Yr(z,0,tf>)  —  bXr(z,d,<t>)2/ bX,  (z,8,<t>).  (3) 

The  apparent  and  inherent  background  radiances  are 
related  by  the  expression 

bX,(zfi,<p)--  Tr(:,8,<t>)  h  \n(z,,9,4>)-T-X*(z,d,4>).  (4) 


Theorems 

tSubtrilcting  Eq  (4)  from  Fq  (!)  yields  the  relation 
[«‘Vr  (z,0,<£)  - 

=  I.  V«(z!,(),0)  |.  (51 

Thus,  radiance  difterenees  are  transmitted  along  in¬ 
clined  paths  with  the  same  attenuation  as  that  experi¬ 
enced  by  each  iintip-foi  ruing  ray. 

If  Eq.  (5)  is  divided  by  the  Ujipiireill  radiatin'  of  IJie 
background  b\'r(z,8,6)  and  combined  with  Eq.  (3),  the 
result  can  be  written : 

er(z,fl,*)= Tr(zM 

—  bXo(z,,8,<l>)/ bXr(z.8,fY].  ( 6} 

When  the  inherent  rndianre  of  the  background  Is 
very  dink,  as  in  Hit  mat-  ,(f :()(  ulijfTt  at  hijrli  altitude, 
(lie  Beiiiiul  Imiii  in  (be  brnri(pt«  on  the  right  side  of 
Ei |  (fj)  may  be  negligible. 
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•Combining  Eqs.  (2)  unci  (ft)  fields  the  expression 
Cr  (z,6,<j>)/  C0(zt,6,<j>) 

=  T,(z,8,4>)  6  Vo(z,,9,<t>)/kX,  (z,8,<p).  (7) 

The  right-hand  member  of  Eq.  (7)  is  an  expression  for 
the  contrast  transmittance  of  the  path  of  sight;  it  is 
independent  of  the  optical  properties  of  the  object.. 
Equation  (7)  is  the  law  of  contrast  reduction  by  the 
atmosphere  expressed  in  its  most  general  form.2 

An  interesting  variant  of  Eq.  (7)  formed  by  combina¬ 
tion  with  Eq.  (4)  is  the  following  expression  in  which 
contrast  transmittance  is  characterized  in  terms  of  path 
radiance  and  inherent  background  radiance: 

i\{z,6,<t>l'Cu(z„8,<t>)  =  1  -  L-Vr*(zMh  6  Vr(s,0,«)].  (8) 

The  apparent  indeterminateness  of  Eqs.  (7)  and  (8) 
when  applied  to  the  case  of  objects  outside  the  atmos¬ 
phere  can  be  avoided  by  the  use  of  the  limiting  form  of 
Eq.  (6j,  as  follows: 

O(s,0,A)  =  Tr(z,e,<t>)  tx0(z„e,<t>)/bXr(z,e,<t>):  W 

It  should  be  emphasized  that  Eqs.  (1)  through  (9) 
are  completely  general;  they  apply  rigorously  to  any 
path  of  sight  regardless  of  the  extent  to  which  the 
scattering  and  absorbing  properties  of  the  atmosphere 
or  the  distributions  of  lighting  exhibit  nonuniformities 
from  point  to  point.  So  theoretical  model  of  the  atmos¬ 
phere  is  involved  and  no  restrictive  assumptions  have 
been  made.  The  equations  can  be  used  in  treating  all 
real  atmospheres  and  all  real  lighting  conditions.  This 
is  in  sharp  distinction  to  treatments  of  the  subject 
which  are  based  upon  theoretical  models  of  the  atmos¬ 
phere  which  invariably  involve  major  assumptions  such 
as  horizontal  uniformity,  exponential  lapse  rate  of  air 
density,  vertical  uniformity  of  partic  le  size  distribution, 
negligible  earth  curvature,  etc. 

Equation  of  Transfer 

Image-forming  light  is  lost  by  scattering  and  absorp¬ 
tion  in  each  elementary  segment  of  the  path  of  eight 
and  enntruM-reduc mg  path  radiance  i«  generated  by 
the  scattering  of  the  ambient  light  which  reaches  the 
segment  from  ,d!  directions.  The  quantitative  descrip¬ 
tion  of  this  scattered  component  of  path-segment  radi¬ 
ance  invokes  a  quantity  called  the  path  function  and 
denoted  by  the  symbol  \\{z,8,4>),  where  the  mnemonic 
subsc  ript  symbol  *  is  used  both  to  suggest  light  reaching 
the  path  segment  from  all  direc  tions  and  to  denote  that 
the  quantity  is  a  point  function.  The  parenthetical 
symbols  (z,0,4>'<  indicate  that  the  path  function  depends 
upon  the  dirt,  t  ion  of  image  transmission  and  upon  the 
location  of  the  segment  in  the  path  of  sight.  The  path 
futli  lion  depends  upon  the  directional  distribution  of 

*  P'|uatlnn  (7)  is  a  generalization  of  Eq.  (15)  ■•n  p  !&3  of 
S  Q  Huntley,  J.  Opt.  Soc.  Am.  58,  179  (194S). 


Tig.  2.  Illustrating  the  derivation  of  the  equation  of  transfer. 
At  is  defined  as  Zt—Zj,  so  that  Ar  =  Az  sec$  is  always  non-negative. 
The  difference  AA ’(s,6,<t>)  between  output  and  input  is 
-AT (*,,»,*). 

the  lighting  on  the  segment  due  to  its  surroundings;  it 
can  be  operationally  defined  in  terms  of  the  (limiting) 
ratio  of  the  path  radiance  associated  with  a  short  path 
to  the  path  length  by  the  relation  X *(z,6,<p)  —  lim(Ar— *0) 
y.XA* (z,8,tj>)/Ar.  In  experimental  practice,  the  path 
length  Ar  should  be  sufficiently  short  that  no  change  in 
the  ratio  can  be  detected  if  Ar  is  made  shorter.  Ap¬ 
paratus  for  path  function  measurement  has  been  built 
and  will  be  described  elsewhere. 

The  loss  in  image-forming  light  due  to  attenuation 
by  scattering  and  absorption  within  any  path  segment 
is  proportional  to  the  amount  of  image-forming  light 
present;  the  coefficient  of  proportionality  will  be 
written  in  the  reciprocal  form  \,'Us),  and  L(z)  will  be 
referred  to  as  the  attenuation  length.  /,(;)  is  a  function 
of  position  within  the  path  of  sight;  it  does  not  depend 
upon  the  image  transmission  direction  unless  the  aero¬ 
sol  is  anisotropic,  as  sometimes  occurs  in  the  case  of 
falling  snow;  it  is  independent  of  the  manner  in  which 
the  path  segment  is  lighted  by  the  sun  or  sky;  it  is  a 
physical  property  of  the  atmosphere  alone.  Attenuation 
includes  loss  of  image-forming  radiance  by  absorption 
and  by  scattering.  Absorption  refers  to  any  thermo¬ 
dynamically  irreversible  transformation  of  monochro¬ 
matic  radiant  energy  including,  primarily,  conversion 
of  light  into  heat  but  also  fluorescence  phenomena, 
photochemical  pro. esses,  etc.  Attenuation  by  scattering 
results  from  any  change  of  direction  sufficient  to  cause 
tin*  radiation  to  fall  outside  the  summative  radius  of  the 
detector  mosaic. 

In  any  path  segment  of  length  Ar  =  A;  seed,  as 
illustrated  by  Fig  2,  the  difference  A\(z,9,<j>)  between 
output  and  input  radiance  is  attributable  to  a  gain 
term  \'*(z,8,4>)Ar  and  a  loss  term  \  (:,0,<p)Ari  Liz),  so 
that  A  \'{z,8.<p)=  \\(z,8, <p)Ar— A  (z,6,cp)Ar ,  This 

relation  max  be  rewritten 

A.\  (sM.'Az  sec 8~.\\(z,8,<p)-X(z,6}<y  'L(z).  (10) 

In  conformity  with  usage  in  other  fields  of  physics 
Eq.  (10)  will  be  referred  to  as  the  incremental  form  of 
the  equation  of  transfer.  It  is  implicit  in  this  equation 
that  Ac  must  be  taken  sufficiently  small  so  that  over 
this  interval  Liz)  and  Xt(z,8,<p)  may  be  regarded  as 
constants  within  the  precision  of  experimental  data. 
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Equation  (10)  is  a  steady-state  equation  of  continuity, J 
based  upon  the  conservation  of  energy  principle;  it 
refers  only  to  nonemitting  atmospheres,  since  an  addi¬ 
tional  term  would  be  needed  to  represent  emission  of 
radiation  in  the  path,  as  by  fluorescence,  recombination 
phenomena,  particle  excitation,  etc.  Self-radiosity 
.('thin  the  visible  spectrum  appears  to  be  of  negligible 
-mportarve  in  the  troposphere.  Equations  (1)  and  (4) 
may  be  regarded  as  integral  forms  of  the  equation  of 
tssnst*"- 

The  conation  of  transfer  and  the  concepts  of  attenua¬ 
tion  lengtn  and  path  function  share  the  same  generality 
««  'gif  cor.  pts  associated  with  Eqs  (1)  through  (*>'. 
No  theorc:,.  al  mode!  atmosphere  has  been  employed; 
each  of  the  equations  in  this  paper  is  applicable  to  all 
real  isotropic  atmospheres,  all  lighting  conditions,  and 
ail  paths  of  sight  The  use  of  the  equation  of  transfer  in 
numerical  summation  pro<edures  involving  experi¬ 
mental  data  will  be  illustrated  in  a  later  section  of  this 
paper.  Only  when  ICq.  (10>  is  simulated  by  a  differential 
equation  and  an  analytic  integration  performed  does 
the  introduction  of  a  theoretical  model  for  the  atmos¬ 
phere  become  nei-ssary;  this  will  not  be  done  in  the 
present  paper. 

Equilibrium  Radiance 

Many  image  transmission  phenomena  are  most 
clearly  understandable  in  terms  of  the  concept  of 
equilibrium  radiance.  This  concept  is  a  natural  conse¬ 
quence  of  the  equation  of  transfer,  which  indicates 
that  seme  unique  equilibrium  radiance  X „(z,d,<t>)  must 
exist  at  each  point  such  that  the  loss  of  radiance  within 
the  path  segment  is  balanced  by  the  gain,  i.e.,  A.Y,(z,0,0) 
=  0.  Thus 

0  =X*(z,d,q>)  —  Xq{zfl,<t>)/L(z),  so  that 

.Y,(z,0,*)  =  .Y*(z,0,<»)L(z)  (11) 

and  the  equation  of  transfer  (10)  may  be  rewritten  as 
follows 

A.V (z,0,<£),Az  sec 9- [.Y,(z,0,0) -  ,V(z,0,0)]/Z.(z).  (12) 

Equation  (11)  shows  that  each  segment  of  every 
path  of  sight  has  associated  with  it  an  equilibrium 
radiance,  and  Eq.  (12)  states  that  the  average  space 
rate  of  change  in  image-forming  radiance  caused  by  the 
path  segment  is  in  smh  a  direction  as  to  cause  the 
output  rui||, '((jit  to  be  closer  to  the  equilibrium  radiance 
than  is  the  input  radiance.  This  scgmenl-by-segincnl 
convergence  of  the  apparent  radiance  of  the  object  to 
the  dynamic  equilibrium  radiance  is  illustrated  by  the 
data  in  I  ig  6  of  this  paper 

•The  equation  of  transitu  bus  been  generahrei!  to  the  transient 
case,  and  rigorously  ilitlvril  for  an  arbitrary  optical  medium, 
using  the  concepts  of  measure  theory  R  U  I’t|i|sPlic|"rfer,  “A 
mathematical  foundation  for  radiative  transfer  theory  "  Doctoral 
dissertation,  U.C.L.A  ,  May  tUofi.  An  exposition  of  this  theory 
has  Iimii  submitted  for  publication  in  the  Journal  of  the  Optical 
Society  of  America. 


When  the  path  of  sight  is  horizontal  and  optically 
uniform  both  in  terms  of  the  composition  of  the  aerosol 
and  its  lighting,  the  equilibrium  radiance  is  identical 
with  the  apparent  radiance  of  the  horizon.  The  apparent 
radiance  of  distant  objects  inherently  more  radiant 
than  the  equilibrium  value  decreases  toward  the  equi¬ 
librium  radiance  as  an  asymptote;  conversely  the 
apparent  radiance  of  any  dark  distant  object  approaches 
the  same  asymptote. 

Equilibrium  Contrast 

Many  of  the  foregoing  equations  can  be  rewritten 
in  terms  of  equilibrium  contrast ,  C,(z,0,0),  which  is 
defined  by  the  relation 

C,(zM  -  [<  Vr(zfi,4>)  -  .V,(s,0,0)]  ■/.\\(z,6,<p).  (13) 

Notation  of  the  type  defined  by  Eq.  (13)  enables  the 
equation  of  transfer  (10)  to  be  written 

AC,(z,0,*)/Az  sec0  =  -C„(z,0,«).7-(z)  (14) 

or 

AC,(z,0,*)/C,M,*)=  -  As  sec0  7.(z),  (15) 

provided  that  the  equilibrium  radiance  N„(z,e,(j>)  is  con¬ 
stant  on  the  segment  of  path  under  discussion.  In  this 
case  the  fractional  change  in  equilibrium  contrast 
depends  only  upon  the  ratio  of  the  length  of  the  path 
segment  to  the  attenuation  length.  The  negative  signs 
throughout  Eqs.  (14)  and  (15)  signify  that  equilibrium 
contrast  decreases  in  absolute  magnitude  in  the  segment. 

EXPERIMENTAL  METHODS 
Introduction 

The  apparent  radiance  of  any  distant  object  can  be 
computed  by  means  of  Eq.  (1)  if  the  transmittance  of 
the  path  of  sight  and  the  path  radiance  are  calculated 
from  experimental  data.  This  can  be  done  from  profiles 
of  attenuation  length  and  path  function  for  the  path 
of  sight  by  means  of  the  relations 

r,(:,0,</.)  =  [M(z)/M(z,)]!nexp{-Ar/£(z,)} 

*~t 

=  [«(z)/>i(:,)]Jexp{-Ar£  1  /L(z,)}  (16) 

el 

and 

A'r*(s,0,^)  =  Ar  £;  T„(z, 6, 4>)X+(z, ,$,<}>),  (17) 

i-l 

where  the  vertical  height  \z,— z\  of  the  path  is  divided 
into  m  equal  segments  of  length  Az,  and  Ar  =  Azsei0. 
/-(z.)  and  .V,(z,.0,^>)  are  the  mean  values  of  L  and  A', 
in  the  tth  segment,  r,-  (*— l)Ar,  t=  1,  ■  ■  -  ,m. 
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Attenuation  Profile 

An  experimental  technique  for  measuring  the  vertical 
profile  of  attenuation  length  in  horizontally  uniform 
atmospheres  has  been  devised  around  an  air-borne 
version  of  an  instrument  based  upon  principles  de¬ 
scribed  earlier.4  5  Figure  3  shows  this  attenuation  meter 
mounted  on  the  H-29  aircraft  used  by  the  Visibility 
Laboratory  in  its  flight  research  program.  The  optical 
system  is  shown  diagrammatically  in  Fig.  4.  The  for- 


Fic.  3.  Specially  instrumented  H-29  aircraft  used  to  collect 
the  data  present  eel  in  this  paper  The  lone  cylindrical  apparatus 
on  top  ot  the  fuselage  is  the  attenuation  'neter,  slum n  schematically 
in  Fig  4  The  smaller  cylindrical  device  which  appears  slightly 
forward  of  the  attenuation  meter  is  the  skv  scanting  teh  pho¬ 
tometer.  It  consists  of  an  end-on  type  multiplier  phototube 
mounted  at  the  focal  point  of  a  parabolic  front  surf  ace- 1  mirror 
12  in  tliam  Scanning  is  accomplished  automatically  by  means  of  a 
turret  and  trunion  mounting,  scanning  time  for  the  entire  hemi¬ 
sphere  is  dO  sec  I  it  Id  of  view,  adjustable  b\  means  of  inter¬ 
changeable  held  stops,  was  circular,  5  m  angular  diameter  in  the 
case  of  the  data  shown  in  I  eg.  (i  Sensitivity  is  sullicient  to  map 
even  the  darkest  high  altitude  night  skies  Sputr.il  re-.i>un«e  is 
controlled  by  absorption  idlers  \  similar  (dove me ard-vic wing i 
tclephotomcter  is  mounted  beneath  the  aircraft  but  is  not  shown 
by  this  photograph. 


F'm  4  Schematic  diagram  of  the  .iw  borne  attenuation  meter 
The  forward  photoelectric  tile-photometer  measures  the  equi¬ 
librium  radiance,  the  rear  tele  photometer  measures  the  radiance 
of  a  path  of  unit  length  The  latter  radiance  is  numeric  .illy  equal  t<> 
the  horizontal  path  function  m  the  direction  of  flight,  Multiplier 
phototubes  and  Sweet  type  logarithmic  circuits  enable  direct 
recording  of  the  ratio  of  these  radiances,  i  e  .  of  t lie-  attenuation 
length  [sec  I-.q  fll'j  Wind  tunnel  tests  of  the  aerodynamic 
design  showed  ambient  pressure  throughout  the  unit  path  Eight 
trap  design,  stray  light  treatiiicnl.  and  photoelectric  sensitivity 
arc  sufficient  to  enable  measurement  oi  attenuation  lengths  up  to 
200  nautical  miles  when  the  phototube  spectra!  sensitivity  is 
rendered  photopic  hy  means  of  absorption  Idtcrs. 

•  S  Q  Huntley,  U,  S  Patent  No  2.661,650. 

*  S.  (J.  Duntlc-y,  J  Opt.  Soc.  Am  39,  630A  (1949). 
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F'ig.  5.  Measured  profiles  of  path  function  and  attenuation 
length  over  the  Atlantic  Ocean  off  the  coast  ot  Florida,  March  10, 
1956  Flight  77  Sun  position  zenith  angle  =  48°,  azimuth  =  140° 
clockwise  from  true  north  Path  function  zenith  angle  $=92°; 
azimuth  0=0°  from  the  plane  of  tlu- sun  Sky  condition  ■  cloudless, 
blue  \pprn\imately  36  hr  after  the  passage  of  a  major  front. 
Very  light  ground  haze  with  top  at  4000  ft.  The  profile  of  equi¬ 
librium  luminance  was  computed  by  means  of  Eq.  (11). 


ward  teiephotometer  is  directed  toward  the  horizon 
and  measures  the  equilibrium  radiance  of  the  horizontal 
path  of  sight  in  the  direction  of  flight  of  the  aircraft. 
The  rear  teiephotometer  measures  the  radiance  of  a 
path  of  unit  length;  this  is  numerically  equal  to  the 
path  function.  The  attenuation  length  is  the  ratio  of 
the  equilibrium  radiance  to  the  path  function,  as  shown 
by  Eq.  (11).  Recording  potentiometers  within  the  air¬ 
craft  record  the  outputs  of  both  tclephotometers  as 
well  as  their  ratio. 

Despite  the  use  of  multiplier  phototubes,  the  low 
level  of  radiance  produced  by  scattering  processes  in 
clear  high  altitude  air  precluded  the  use  of  narrow-band 
interference  or  absorption  filters  in  the  airborne  attenua¬ 
tion  meter.  Because  it  was  not  possible  to  measure  the 
spectral  radiances  called  for  by  the  equations  given  in 
this  paper,  each  phototube-  was  carefully  corrected  by 
means  of  spec  ialiy  constructed  absorption  filters  to 
measure  luminous  quantities.  For  reasons  of  rigor  the 
equations  in  this  paper  are  written  with  the  symbol  AT, 
denoting  spectral  radiance,  but  it  will  be  understood 
that  these  same  equations  have  been  used  with  N  re- 
placed  by  B,  denoting  luminance,  in  the  treatment  of 
the  illustrative  data  shown  in  Figs.  5  through  8. 

During  the  flight  for  which  data  is  given  in  this 
paper,  the-  am  raft  maintained  a  constant  (southerly) 
heading  and  a  fixed  attitude  which  held  the  attenuation 
meter  {minted  at  the  desired  portion  of  the  horizon  sky 
while  making  a  controlled,  rapid  descent  from  18  (XX)  ft 
to  1(XX)  ft  at  a  rate  of  approximately  15(X)  ft  per  min. 
The  resulting  profiles  of  path  function,  equilibrium 
luminance,  and  attenuation  length  are  shown  in  Fig.  5. 
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It  will  hi‘ noted  that  the «.*t|iiilil>rium  luminarne  (horizon 
luminance)  was  nearly  independent  of  altitude.  Re¬ 
peated  descents  have  demonstrated  that  (lie  major 
details  of  these  curves  are  repeatable. 

The  transmittance  of  any  ini  lined  path  of  sight 
having  terminal  altitudes  between  1000  ami  18  (KK>  ft 
can  be  calculated  from  the  attenuation  profile  in  Fig.  5 
by  means  of  equations  corresponding  to  Kip  (16). 

Path  Function  Profiles 

The  aircraft  is  not  equipped  for  the  dired  measure¬ 
ment  of  path  functions  for  vertiiai  and  ini  lined  paths 
of  sight  It  is  capable,  however,  of  measuring  the  radi¬ 
ance  of  the  sky  in  any  direction,  above  or  below,  during 
tlight.  A  photoelectric  telephotometer  is  located  in  a 
trunion  mounting  on  top  of  the  fuselage  near  the  for¬ 
ward  end  of  the  attenuation  meter,  as  shown  in  Fig.  .5. 
This  instrument  performs  an  automatic  scan  of  the 
entire  sky  above  the  aircraft  in  approximately  'XI  sei. 
Another  telephotometer  in  a  fixed  vertical  mount  pro¬ 
vides  a  continuous  record  of  the  radiance  of  the  zenith 
during  the  controlled  rapid  descent  described  in  the 
preceding  section.  A  corresponding  pair  of  telepho¬ 
tometers  is  mounted  on  the  bottom  of  the  fuselage. 
Figure  6  shows  zenith  luminance  data  secured  by  the 
fixed  telephotometer  during  the  same  descent  to  which 
Fig.  5  applies.  Similar  profiles  of  sky  luminance  for  any 
upward  path  of  sight  inclined  at  angles  6,  0  can  be  con¬ 
structed  from  the  record  of  the  sky-scanning  tele¬ 
photometer,  which  is  designed  to  be  operated  con¬ 
tinuously  during  the  descent. 

The  profile  of  the  path  function  for  any  path  of  sight 
can  be  calculated  from  the  sky  radiance  profile  and  the 
attenuation  profile  by  means  of  Eq.  (10)  after  re¬ 
arrangement  as  follows: 

.Y*(s,0,0)  =  A  Y(s,0,0)/A:  sec d+X{z,e,<t>)/L{z).  (18) 


Fig.  6,  Measured  profile  of  the  luminance  of  the  zenith  sky. 
Tlight  77.  Calculated  (ironies  of  the  apparent  luminance  of  lilaik 
ami  white  objects  at  18  000  ft  Calculated  profile  of  vertical  cqui 
librium  luminance. 


I  'll.  7.  Calculated  profiles  of  vertical  path  function  and  vertical 
equilibrium  luminance.  Flight  77.  The  profile  of  attenuation  length 
is  identical  with  that  in  Fig.  5. 


Figure  7  shows  the  result  of  such  a  calculation  for  the 
vertical  path  of  sight  whit  h  <  orresponds  with  the  zenith 
luminance  profile  g  en  in  Fig.  6. 

Equilibrium  Radiance  Profiles 

An  expression  for  the  equilibrium  radiance  for  each 
element  of  any  path  of  sight  can  be  found  by  combining 
Eqs.  (11)  and  (18)  as  follows: 

.Y,(:,W)  =  /-(:)(AY(:A0)  A;  sect?) +.Y (3,0,0).  (19) 

Figure  6  shows  the  result  of  the  use  of  Eq.  (19)  for 
a  calculation  of  the  equilibrium  luminance  profile  for 
the  upward  vertical  path  of  sight ;  the  same  profile 
appears  in  Fig.  7. 

In  every  case  the  radiance  of  the  sky  \'(z,6,4>)  as 
observed  from  any  altitude  c  is  the  path  radiance  gen¬ 
erated  by  the  portion  of  the  path  above  the  observer. 
That  is,  .Y(c,0,0)  =  .)’**(:, 0.0*,  where  ()<0<rr/2.  Be¬ 
cause  Y(r,0,0)  =  O  outside  the  atmosphere  (except  for 
light  from  the  stars)  and  Y(s,0,0)>O  within,  it  follows 
from  Eq.  (19)  that  the  equilibrium  radiance  exceeds 
the  apparent  radiance  of  the  dear  sky  and,  therefore, 
the  measured  radiance  of  a  clear  sky  increases  as  the 
photometer  descends. 

When  clouds  are  present  or  when  the  image  trans¬ 
mission  direction  is  upward,  the  apparent  radiance 
reaching  any  particular  path  segment  may  exceed  the 
equilibrium  radiance  for  that  segment,  so  that  a  de-. 
crease  of  apparent  radium  c  is  possible.  In  such  cases  it 
often  happens  that  the  apparent  radiance  of  highly 
radiant  objects  decreases  while  that  of  objects  of  small 
inherent  radiant  eim  reaves  IlluMrativcdata  for  upward- 
transmitting  paths  of  sight  are  planned  for  presentation 
in  a  subsequent  paper. 
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Profiles  of  Apparent  Object  Luminance 

Profiles  of  the  apparent  luminance  of  any  specific 
objet  t  tan  be  calculated  for  any  path  of  sight  provided 
that  the  inherent  luminance  of  the  object  in  the  direc¬ 
tion  of  interest  is  known.  Two  stub  profiles  appear  in 
Fig  ft;  they  refer  to  hypothetical  ‘'blink”  and  “white” 
objects,  respectively,  located  at  a  fixed  altitude  of 
18  000  ft  and  viewed  front  direct iv  below  on  the  occasion 
to  uhult  the  data  in  this  paper  applies.  The  profiles 
wen  tubulated  by  means  of  Eq.  (lb  Alternatively, 
they  could  have  been  generated  step-wise  by  successive 
application*  of  either  Kq.  (10)  or  Eq.  (1.?).  The  com-- 
plexity  which  characterizes  the  attenuation,  path  func¬ 
tion,  and  equilibrium  luminance  profiles  is  scarcely 
noticeable  in  these  vertical  profiles  of  apparent  object 
luminance.  In  the  case  of  paths  of  sight  inclined  at 
large  zenith  angles,  however,  the  object  luminance 
profiles  exhibit  the  complexities  due  to  atmospheric 
structure  much  more  prominently. 

Profiles  of  Apparent  Contrast 

Figure  8  shows  profiles  of  apparent  object  contrast 
generated  by  means  of  Eq.  (5)  from  the  apparent 
luminance  profiles  in  Fig.  ft.  The  same  profiles  iou!d 
have  been  generated  by  use  of  the  Hq.  (7). 

METEOROLOGICAL  CORRELATIONS 

The  complex  profiles  of  attenuation  length  and  path 
function  can  only  be  the  result  of  sharply  defined  layers 
of  scattering  particles.  Repeated  descents  have  demon¬ 
strated  that  the  major  features  of  the  profiles  are  repro¬ 
ducible  in  space  and  time;  the  laycis  must,  therefore, 


Fig.  8.  Calculated  prunes  of  the  apparent  contrast  of  black  and 
white  objects  at  18  000  ft.  Flight  77. 


Fig  9.  Profiles  of  microwave  refractive  modulus,  path  function, 
and  free  air  temperature  Flight  77  Correlations  between  the 
profiles  of  microwave  refractive  modulus  and  path  function  can 
he  noted 

be  horizontal  strata  of  great  extent  which  characterize 
the  air  mass.  Such  strata  must  also  be  observable  in 
terms  of  nonoptiral  meteorological  phenomena.  Initial 
attempts  to  discover  correlations  with  the  temperature 
and  humidity  profiles  produced  routinely  by  the  meteor¬ 
ological  services  from  radiosonde  observations  met  with 
failure.  This  was  attributed  to  the  long  time  constant 
associated  with  the  humidity  sensing  elements  tarried 
by  the  balloons.  It  was  believed  necessary  to  measure 
the  humidity  profile  during  the  controlled  rapid  descent 
of  the  B-2b  with  equipment  having  a  fractional  second 
time  constant  in  order  to  record  faithfully  the  presence 
of  strata  only  a  few  feet  in  thickness.  This  was  ac¬ 
complished  by  means  of  an  airborne  microwave 
refractoireter*  of  the  type  described  by  Crain  and 
Peam.7  The  microwave  refractive  index  recorded  by 
this  iustrume-  t  is  governed  primarily  by  the  water 
vapor  concentration  in  the  atmosphere;  it  is  related  to 
pressure,  temperature,  and  the  partial  pressure  of  water 
vapor  by  an  equation  derived  by  Debye  and  discussed 
by  numerous  authors  in  connection  with  microwave 
propagation  "  An  expression  for  the  partial  pressure  of 
want  vapur  obtained  from  the  usual  microwave  ap¬ 
proximation  of  Debye’s  equation  is: 

fmitrowaxv  refractive  modulus^ Kelvin  temp. I7 
(7TftU  4810> 

_  (total  pressure) (Kelvin  temp.} 
4810  ' 

‘The  authors  are  indebted  to  Mr  Timm. is  J  Oh-t.  Director  of 
Range  Development,  Patrick  \ii  I  i.rev  Base,  fur  suggesting  the 
use  uf  the  microwave  refractimu ter  and  tor  arranging  fur  the 
availability  of  this  e<)t  ipment  tur  the  flight  e\|»enment  described 
in  this  paper 

7  M  ('rain  and  \  P  De.im.  Rev  Sii  Instr  23.  149  1 1053* 

*  I.  K.  Smith.  Jr.  and  S  \\  ebitr.iub.  J.  Research  Natl  Bur 
Standards  50,  39  (1953). 
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Fic.  10.  Profile  of  dew  point  temperature  calculated  by  means 
of  Debye’s  equation  from  the  profile  of  microwave  refractive 
modulus  in  Fig.  0.  Profiles  of  path  function  and  free  air  tempera¬ 
ture  are  identical  with  those  in  Fig.  9.  Correlations  between  pro¬ 
files  of  dew  point  temperature  and  path  function  are  obvious. 

In  this  equation  t  is  in  millibars,  the  Kelvin  tempera¬ 
ture  is  of  the  stratum,  the  total  pressure  is  in  millibars, 
and  the  microwave  refractive  modulus  of  the  stratum  for 
microwaves  is  defined  by  the  expression  (« —  1)  10*, 
where  n  is  the  refractive  index  of  the  stratum. 

An  Air  Force  C-131  equipped  with  a  microwave 
refractometer  flew  in  formation  with  the  B-29  through¬ 
out  the  descent  during  which  the  optical  data  reported 
in  this  paper  was  secured.  The  resulting  profile  of 
microwave  refractive  modulus  is  shown  in  Fig.  9.  The 
profile  of  horizontal  path  function  from  Fig.  5  also 
appears  in  Fig.  9  for  purposes  of  comparison. 

Debye’s  equation  was  used  to  calculate  a  humidity 
profile  from  the  microwave  data.  This  profile,  expressed 
in  terms  of  dew-point  temperature,  is  given  in  Fig.  10. 
The  close  correlation  between  humidity  and  path  func¬ 
tion  is  obvious. 

The  following  speculations  on  the  reasons  for  the 
observed  correlation  are  offered:  In  terms  of  visible 


light  water  vapor  exhibits  virtually  no  absorption  and 
it  contributed  only  molecular  scattering,  the  magnitude 
of  winch  is  too  small  to  be  responsible  for  the  observed 
effects.  The  atmosphere  invariably  contains,  however, 
suspended  materia!  such  as  sea-salt  ions,  silica,  am¬ 
monia,  or  oxides  of  nitrogen  and  sulfur  which  can  form 
condensation  nuclei  for  water  droplets.  A  tenuous  haze 
of  these  tiny  droplets  will  form  in  any  stratum  having  a 
water  vapor  content  above  some  critical  minimum. 
These  droplets  will  grow  until  the  vapor  pressure  just 
outside  the  curved  surface  of  the  drop  equals  the  partial 
pressure  of  water  vapor  in  the  surrounding  air.9  Liquid 
droplets  ranging  from  4X10-7  to  more  than  10~*  cm 
are  known  to  be  present  in  the  atmosphere.10  In  the 
case  of  spherical  water  droplets  small  in  diameter  com¬ 
pared  with  a  wavelength  of  light  that  component  of 
the  scattering  coefficient  which  is  due  to  droplets 
increases  as  the  sixth  power  of  their  diameter,11  assum¬ 
ing  the  number  of  droplets  per  unit  of  volume  to  remain 
fixed.  In  view  of  this,  the  observed  correlation  between 
the  path  function  and  the  humidity  within  tenuous  haze 
layers  appears  to  be  understandable. 
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I.  Introduction 

Seibert  Q.  Duntley 


.Man’s  ability  to  see  objects  through  the  atmosphere, 
underwater,  or  in  space  by  naked  eye  or  with  the  aid 
of  magnifying  and  filtering  devices  is  limited  bv  the 
availability  of  light,  its  distribution  on  the  object  of 
regard  and  its  background,  the  reflective  properties  of 
both,  the  image  transmission  characteristics  of  the 
intervening  media,  the  properties  of  any  magnifying 
and  filtering  optical  devices  employed,  and  the  charac¬ 
teristics  of  the  human  visual  system.  For  at  least 
half  a  century  answers  have  been  sought  to  questions 
such  as  the  following:  Can  some  particular  object  of 
interest  be  seen?  How  far  can  it  lie  seen?  How 
dark  may  twilight  become  before  the  object  will  be 
lost  to  vit  w?  How  rapidly  can  it  move  and  yet  be 
visible?  What  is  tne  effect  of  object  color?  Will 
filters  help?  How  much  magnification  is  necessary 
to  make  the  object  visible  at  a  given  distance?  What 
is  the  optimum  procedure  for  visual  search?  What  is 
the  probability  of  success  in  sighting  the  object  searched 
for?  Under  what  circumstances  can  it  be  recognized? 
Is  visual  identification  possible?  How  is  visual  per¬ 
formance  affected  by  fatigue,  discomfort,  distraction, 
apprehension,  motivation,  and  kindred  factors? 

Methods  for  generating  answers  to  such  questions 
have  come  into  being,  particularly  during  the  last 
twenty  years.  Specialists  in  generating  these  answers 
refer  to  their  subject  as  visibility  and  regard  it  as  a 
professional  specialty  within  optics.  They  are,  how¬ 
ever.  not  alone  in  the  use  of  the  word ;  meteorologists 
have  long  used  the  term  visibility  as  a  meteorological 
parameter,  highly  restricted  in  its  meaning  and  greatly 
limited  in  its  applicability.  The  word  visibility  has 
also  l>een  used  by  designers  of  windows  in  aircraft, 
automobiles,  and  even  buildings  to  denote  the  field  of 
view  which  these  apertures  provide.  Despite  the 
universal  wish  of  scientists  and  engineers  for  every 
word  to  have  but  a  single  technical  meaning,  it  seems 
likely  that  the  torn'  visibility  wiii  continue  to  be 
ambiguous  through.  *he  foreseeab'e  future.  Authors 
and  readers  must  dv  "end  upon  context  to  make  clear 
the  school  of  thought  to  which  the  word  is  applied  in 
each  instance.  Throughout  the  remainder  of  this 
article,  visibility  will  not  be  used  in  its  meteorological 
or  architectural  connotations,  but.  only  to  denote  the 
human  capability  to  detect,  recognize,  and  identify 
objects  by  means  of  the  human  visual  mechanism  used 


directly  and  with  the  aid  of  magnifying  and.  filtering 
devices  but  without  the  aid  of  intervening  sensor  sys¬ 
tems,  such  as  photography,  television,  image  ntensi- 
fiert*,  infrared  devices,  electronic  displays,  etc.  Exten¬ 
sion  of  the  use  of  the  term  visibility  to  include  the 
performance  of  the  human  visual  system  when  aided 
by  such  sensors  can  be  made,  but  will  not  be  attempted 
in  this  article. 

The  limiting  performance  of  the  human  visual  system 
to  detect  and  recognize  distant  objects  can  be  pre- 
dicetd  by  engineering-type  calculations,  provided 
adequate  input  information  is  available.  This  form 
of  optical  engineering  has  been  severely  handicapped, 
however,  by  a  greater  lack  of  applicable  data  than  has 
been  generally  appreciated.  It  is  a  purpose  of  this 
article  to  illustrate  by  example  the  types  of  information 
that  are  needed  and  to  supply  a  more  complete  working 
sample  than  has  heretofore  appeared.  Every  effort 
has  been  made  to  exclude  from  the  paper  all  previously 
published  facts  and  concepts  insofar  as  this  can  be 
done  without  sacrificing  viewpoint  and  clarity.  Con¬ 
cise  summaries  of  certain  vital  concepts  and  principles 
are  included  throughout  the  account,  but  the  authors 
have  depended  heavily  upon  references  and  the  willing¬ 
ness  of  the  reader  to  use  them.  If,  in  a  few  instances, 
paragraphs  which  summarize  known  principles  or 
facts  seem  to  go  somewhat  beyond  this  criterion,  it  is 
because  of  the  belief  that  thp  need  for  such  a  summary 
exists. 

The  authors  of  this  article  have  shared  with  many 
colleagues  throughout  the  world  in  the  development 
of  visibility  as  a  science  and  as  an  engineering  pro¬ 
cedure.  The  paper  is  intended  to  provide  an  over¬ 
all  view  of  some  applied  aspects  of  this  subject.  Suffi¬ 
cient  input  data  have  been  included  to  enable  certain 
sample  visibility  calculations  to  be  carried  out  by 
those  who  wish  to  explore  this  branch  of  optical 
engineering,  but  a  full  professional  treatment  of  the 
subject  would  require  a  book-length  treatise.  In 
order  to  achieve  broad  coverage  and  yet  adequate 
technical  depth  in  a  compact  feature  article,  it  has 
l>een  deemed  l>est  to  call  upon  an  integrated  team  of 
specialists  to  produce  a  unified  presentation  with  each 
individual  contributing  in  his  specialty.  Each  major 
section  of  the  present  paper,  therefore.  In-ars  the  name 
of  the  specialist  who  prepared  it. 
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ii.  Summary 

Seibert  Q.  Duntiey 


Calculations  of  the  limit  inn  performance  of  the 
human  visual  systems  are  based  upon  the  separate 
properties  of  all  of  the  physical  components  which, 
taken  together,  comprise  a  system  for  the  transfer 
of  information  from  the  object  to  the  observer’s  con¬ 
sciousness  by  way  of  the  visual  pathway.  Thus, 
light  reflected  or  generated  by  the  object  forms  a  body 
of  image-forming  flux  which,  after  transmission  by 
the  intervening  media,  forms  a  retinal  image  which, 
in  turn,  is  transmitted  to  the  brain  and  perceived  by 
the  observer.  In  like  fashion,  the  background  against 
which  the  object  is  seen  generates  flux  from  a  different 
part  of  object,  space,  and  this  signal  follows  a  corre¬ 
sponding  path  to  the  perceptual  level  of  the  observer. 
Discrimination  of  the  object-  from  its  background 
depends  upau  the  thresholds  of  the  human  visual 
system. 

Prediction  of  the  limiting  human  visual  capability 
to  detect  any  specific  object  begins,  therefore,  with 
the  optical  properties  of  that  object  and  of  its  back¬ 
ground.  These,  in  combination  with  the  nature  of 
the  incident  lighting,  define  the  inherent  optical  signal 
which  is  available  in  the  direction  of  the  observer. 
Assessment  of  the  magnitude  o*  this  inherent  optical 
signal  is  the  first  major  step  in  any  visibility  calculation. 
It  involves  a  considerable  knowledge  of  the  optical 
properties  of  both  background  and  target  as  well  as  a 
detailed  specification  of  their  lighting. 

II.X.  Backgrounds 

The  nature  of  the  background  against  which  objects 
are  seen  mast  frequently  depends  upon  whether  the 
path  of  sight  is  inclined  downward  or  upward.  Some 
form  of  natural  terrain  may  provide  the  background 
for  objects  viewed  along  downward-looking  puths  of 
sight,  whereas  in  upward-looking  cases  the  background 
is  usually  the  sky  or  a  cloud.  The  following  discussion 
of  backgrounds  includes  these  and  other  eases. 

Natural  Terrains 

Natural  terrains  are  of  wide  variety  but  they  can 
be  grossly  categorized  as  vegetated,  barren,  snowy, 
and  watery.  Vegetated  terrains,  because  of  shadow- 
minimization  and  because  of  reflection  from  the 
vertical  components  of  plant  surfaces  (leaves,  stalks, 
etc.)  exhibit  a  characteristic  phenomenon  often  called 
back  glim  (Duntiey,  l!)4f>)  or  negalirc  gloss  (Judd,  1962. 
p.  303);  this  means  that  tin*  directional  reflectance  of 
an  unresolved  vegetated  surface  is  greatest  when 


\  icued  by  an  observer  w  ith  the  msii  at  his  hack.  Kveu 
bai<‘  Mills,  including  -sand,  tend  to  exhibit  back  gloss, 
as  is  illustrated  bv  fig.  2.1.  Snow  covered  terrains, 
nearly  matte  in  jheir  appearance  when  the  snow  is 
freshly  fallen,  develop  gloss  upon  aging  and  particularly 
when  they  are  rain-ci usted  (Middleton,  1952).  Snowy 
terrains  containing  outcroppings  of  vegetation  may 
exhibit  a  form  of  hack  gloss  due  to  the  shadows  pro¬ 
duced  by  this  vegetation  whenever  these  interruptions 
in  tlie  snow  surface  are  unresolved. 

Man-made  surfaces,  such  as  paints,  pavements,  or 
roofs,  vary  widely  in  mat.t(->e.ss  but  they  seldom  exhibit 
back  gloss.  Their  gloss  characte  ristics  are  usually  of 
the  “normal”  form,  illustrated  by  the  data  for  a  sample 
of  matte  brown  paint  in  fig.  2.1.  Typically,  therefore, 
man-made  surfaces  which  match  natural  terrains  when 
viewed  vertically  under  medium  or  low  sun  conditions 
appear  brighter  than  the  terrain  when  viewed  toward 
the  azimuth  of  the  sun  out  darker  than  the  terrain 
when  the  sun  is  behind  the  observer. 

Spectral  Effects 

The  reflectance  characteristics  of  many  natural 
terrains  vary  markedly  with  wavelength.  Inter- 
refleetions  between  textural  elements  tend  to  intensify 
spectral  reflectance  effects;  thus,  as  shown  by  Fig. 

2.2,  the  spectral  apparent  radiance  of  a  maple  tree 
differs  markedly  from  that  of  a  maple  leaf  (Duntiey, 
1946,  p.  213). 

Diffuse  Reflectors 

No  natural  terrain  and  no  known  man-made  surface 
is  a  perfect  diffuse  reflector  in  the  sense  of  appearing 
equally  luminous  from  all  angles  of  view.  A  few 
surfaces,  including  freshly  fallen  snow,  approximate 
this  condition  provided  the  solar  zenith  angle  is  less 
than  46°,  but  even  fresh  snow  exhibits  marked  gloss 
characteristics  when  the  sun  approaches  the  horizon, 
an  extremely  common  condition  during  the  snowy 
season.  Man-made  surfaces  invariably  exhibit  pro¬ 
nounced  gloss  characteristics,  particularly  when  the 
solar  zenith  angle  exceeds  60°.  Since  large  solar  zenith 
angles  occur  much  more  commonly  than  do  small 
ones,  very  serious  errors  in  visibility  calculations  can 
arise  from  the  false  assumption  that  target  or  back¬ 
ground  surfaces  are  perfect  diffuse  reflectors,  i.e.,  that 
they  obey  “l>ambert’s  law  of  reflection”  (O.S.A.,  1963. 
p.  ITS).  In  Sec.  Ill  of  this  paper,  data  are  presented 
on  some  commonly  occurring  backgrounds,  and  tech¬ 
niques  for  calculating  the  inherent  contrast  of  objects 
seen  against  those  surfaces  are  recommended. 

11.2.  Objects 

Objects,  or  risital  targets  as  they  arc  often  called,  are 
of  every  conceivable  variety.  In  genera!  they  have 
complex,  three-dimensional  shapes  producing  an  in- 
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i'lji'  !•  Directional  reflectance  of  dry  brown  noil  and  matte 
brown  paint,  illustrating  typical  differences. 

tricate  pattern  of  highlights  and  shadows  even  if 
thoir  reflecting  eliaraeterisfics  tire  the  same  on  all  of 
their  surfaces,  a  circumstance  which  rarely  exists. 
I  ho  gloss  characteristics  of  object  surfaces  show  even 
more  variety  than  do  background  surfaces.  Many 
glossy  objects  have  mirrorlike  surfaces  that  form  virtual 
images  of  the  sun  which  are  often  vastly  brighter  than 
any  portion  of  the  background  and,  correspondingly, 
are  visible  at  much  greater  range  than  any  other  type 
of  surface.  Thus,  it  is  a  common  oxpei  tone?  while 
flying  to  see  rivers  and  bodies  of  water  in  the  far 
distance  when  no  other  terrain  features  of  like  size  are 
visible;  this  is  a  consequence  of  the  large  positive 
contrast  presented  by  these  bodies  of  water  owing  to 
the  mirrorlike  reflections  of  the  sky  which  they  produce. 

In  virtually  every  instance  of  a  man-made  object 
viewed  against  a  natural  background,  the  disparate 
gloss  characteristics  cause  the  object  to  undergo 
marked  changes  in  its  appearance  and  its  conspicuity 
when  viewed  from  various  directions,  as  has  been 
illustrated  in  Fig.  2. 1 .  Data  for  a  variety  of  examples 
of  this  sort  will  be  found  in  Sec.  Ill  of  this  paper. 

Obviously,  any  object  is  visually  detectable  only  if 
its  photometric  properties  differ  from  these  of  its 
background  in  the  obser v  er's  direction  of  view.  What¬ 
ever  difference  does  occur  constitutes  an  optical 
signal,  fhc  detectability  of  such  a  signal  depends 
upon  the  properties  of  the  sensor  which,  in  this  article, 
is  the  human  visual  system. 

11.3.  Visua'  Properties 

For  more  than  a  century,  research  scientists  have 
produced  a  voluminous  literature  concerning  th" 
capability  of  f.he  human  visual  system  to  detect  minimal 
optical  signals.  The  discovery  that  the  nsychomeiric 
function  is  nearly  the  same  for  all  visual  detection 
tasks  when  the  photometric  nature  of  the  object  and 
its  background  are  specified  in  terras  of  contrast 
(Blackwell.  1946,  1963)  enabled  the  simplification  and 
collation  of  an  enormous  body  of  experimental  facts. 
Without  that  simplification,  visibility  calculations 
\.uuld  scarcely  be  practicable  as  an  engineering  pro¬ 
cedure.  The  further  discovery  that  the  shape  of  an 
object  is  ordinarily  of  miner  consequence  compared 
with  the  effect  of  its  angular  size  provided  an  additional 
important  simplifying  approximation.  The  experi¬ 


mental  result  that  color  contrasts  ordinal  fly  have  an 
almost  negligible  effect  (Mae Adam.  I946j  on  the 
detectability  of  an  optical  signal,  although  they  affect 
the  notice-ability  of  supruthresliold  objects,  constitutes 
yet  another  important  simplification  of  visual  proper¬ 
ties  The  fact  that  under  virtually  all  circumstances 
geometrically  identical  objects  are  equally  delectable,  if 
lime  universal  contrasts  are  equal  in  magnitude  even  if 
opposite  i,t  sign  is  perhaps  the  most  important  of  the 
first-order  experimental  generalizations;  in  Secs.  Ill 
and  IX  of  this  paper  it  is  demonstrated  that  this  basic- 
result,  a  dividend  of  the  definition  of  universal  contrast, 
is  of  vital  importance  in  visibility  calculations. 

Under  conditions  of  high  (daylight)  level  adaptation, 
visua!  threshold  properties  are  nearly  invariant  to 
adapting  luminance,  are  minimal  in  the  central  1° 
of  the  visual  field  (the  foveal  region),  and  increase 
systematically  toward  the  periphery.  The  smallest 
detectable  optical  signal  is  one  for  which  all  of  the 
object  flux  is  concentrated  within  a  circular  area  only 
slightly  larger  than  the  anatomical  dimensions  of  the 
foveal  cone  receptors.  All  objects  of  this  angular 
size  or  smaller,  regardless  of  their  actual  angular 
dimension,  shape,  or  pattern,  arc*  equally  detectable  if 
the;,-  flux  content  is  the  same;  this  is  known  as  Ricco’s 
law,  which  may  l>c  written  Cu  =  constant  for  the 
special  case  of  objects  having  apparent  -.ntraft  V 
and  subtending  a  solid  angle  w  at  the  eye  of  the  •  v ,  --ver 
but  having  no  angular  dimension  sufficient  to  exceed 
the  Uicco  domain.  The  angular  diameter  witnin 
which  Ricco’s  law  is  obeyed  increases  somewhat  as 
adaptation  luminance  is  diminished  until,  in  the 
regions  of  twilight,  moonlight,  and  starlight  the  increase 
is  rapid,  reaching  3  A  min  of  arc  at  starlight  levels  of 
adaptation.  Since  all  objects,  regardless  of  size  or 
shape-,  which  tad  within  the  range  of  Ricco’s  law  are 


wavelength  in  miu'mickons 

Fig.  2.2.  SfK-ctroplioCometrii-  curve*  of  u  maple  tree  (cm  e  a) 
and  of  a  maple  leal  (curve  b), 
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indistinguishable  if  their  flux  content  is  eqtml,  the 
resolving  power  of  the  human  visual  system  depends 
upon  adaptation  level. 

Peripheral  Vision 

Maximum  object  detectability  occurs  within  the 
rod-free  central  fovea  under  conditions  of  high-level 
(photopic)  daytime  adaptation  conditions,  but  at 
twilight  (mesoptic)  levels,  detectability  is  virtually 
uniform  throughout  the  fovea,  parafovea,  and  periph¬ 
eral  retina,  although  resolution  diminishes  toward 
the  periphery*  At  low  light  levels,  i.e.,  seotopie  adap¬ 
tation,  the  sensitivity  of  the  rod-free  central  fovea 
effectively  vanishes,  and  the  greatest  sensitivity  occurs 
in  the  ring-shaped  parafovea  where  the  population  of 
rod  receptors  is  dense. 

Visual  Search 

In  daytime,  optimum  detectability  occurs  when  the 
object  is  imaged  on  the  foveal  portion  of  the  retina, 
but  this  circumstance  does  not  always  occur.  During 
visual  search,  in  fact,  it  is  relatively  improbable  that 
the  image  will  fall  on  the  fovea.  The  probability  of 
success  in  searching  some  prescribed  field  of  view  for 
an  object  can  be  computed  only  if  detection  thresholds 
for  that  object  in  the  peripheral  portions  of  the  retina 
are  known.  It  is  as  if  the  eye  had  associated  with  it 
a  detectivity  lobe,  greatest  on-axis  and  falling  rapidly 
toward  the  periphery.  This  IoIk>  is  not  a  'ixed  structure 
but  depends  markedly  upon  the  angular  si,’e  and  nature 
of  the  object  and  upon  its  apparent  contrast.  Thus, 
lobe  shape  is  governed  by  the  atmosphere,  by  the 
du  ‘tional  reflectance  characteristics  of  both  target 
r.-j  background,  and  by  the  prevailing  distribution  of 
m»,  uni  lighting;  it  is,  therefore,  different  for  each 
path  e*  iv't-nf.  and  for  each  visual  fixation.  Details  of 
visual  ac.,  «,u  calculations  in  which  account  is  taken  of 
the  chaus'ng  natur  -  of  the  detectivity  lobe  ar*  dis¬ 
cussed  in  Sec.  X  of  this  article. 

Recognition  and  Identification 

The  higher  levels  of  the  human  visual  system  are 
capable  of  determining  object  type,  class,  and  identity. 
Thus,  at  different  levels  of  visual  performance  an  object 
may  be  delected  as  a  shapeless  spot,  recognized  as  a  ship, 
classified  as  a  passenger  liner,  or  identified  as  R.M.S. 
Queen  Mary.  Although  quantitative  predictions  of 
the  limiting  circumstances  when  the  higher-level  func¬ 
tions  can  be  performed  involve  more  variables  and 
greater  uncertainties  with  respect  to  input  data, 
certain  approaches  to  problems  of  this  class  have  neon 
made  (Harris,  195S). 

11.4.  Atmospheric  Properties 

The  appearance  of  distant  objects  is  affected  so 
profoundly  by  the  optical  properties  of  the  atmosphere 


that  meteorologists  iurhnlc  atmospheric  clarity  among 
the  meteorological  parameters  to  lie  observed,  reported, 
and  forecast.  I'lifortunately,  the  meteorological  data 
are  seldom  of  appreciable  usefulness  in  predicting  the 
visual  detectability  of  specific  objects.  Quite  different 
optical  properties  of  the  atmosphere  and  its  lighting 
must  be  known  before  valid  predictions  can  be  made. 
The  literature  of  visibility  contains  many  examples  of 
attempts  to  calculate  the  needed  information  from 
models  of  the  atmosphere  and  its  lighting.  The  success 
of  these  attempts  is  difficult  to  test  or  judge  unless 
measurements  of  real  atmospheric  and  lighting  con¬ 
ditions  have  i>een  made  for  comparison.  Such  data  are 
difficult  to  acquire  and  are,  therefore,  exceedingly 
rare..  Section  VI  ot  this  article  may  be  the  first  pub¬ 
lication  in  a  scientific  journal  of  a  sufficiently  complete 
set  of  measured  atmospheric  properties  to  enable 
valid  visibility  calculations  applicable  to  a  real  atmo¬ 
spheric  condition  to  lie  made.  Even  so,  the  tables  in 
Sec.  VI  and  the  related  tabulations  in  Sec.  Ill  relate 
only  to  conditions  which  prevailed  at  one  place  on  one 
occasion.  They  are,  moreover,  incomplete,  since  no 
radiometric  or  spectroradiometric  data  are  included. 
Clearly,  a  complete  photometric  and  radiometric 
description  of  the  atmosphere  at  any  one  time  and 
place  involves  the  measurement  and  tabulation  of  a 
very  large  quantity  of  data.  The  need  is,  however, 
tor  many  such  bodies  of  data  representing  many  places 
at  many  t:.aes  of  day  and  under  a  variety  of  atmo¬ 
spheric  conditions.  Such  a  compilation  would  tie  a 
well  nigh  hopeless  task  were  it  not  for  the  capabilities 
of  large  electronic  computers  for  which  the  required 
bodies  of  data  can  be  stored  on  magnetic  tape.  The 
creation  of  such  a  computer  library  of  atmospheric 
and  lighting  conditions  is  in  prospect  and  will,  when 
combined  with  corresponding  libraries  of  visual  data, 
object  characteristics,  and  background  information, 
enable  major  visibility  calculations  to  be  carried 
through  quickly,  economically,  and  automatically. 
Until  sufficient  data  have  been  collected  and  stored 
in  computer  format,  limited  visibility  calculation 
studies  will  doubtless  continue  to  lie  carried  out  by 
procedures  like  these  described  later  in  this  article. 

The  scientific  background  which  underlies  the  tables 
in  Secs.  Ill  and  VI  of  this  article  and  the  equations 
for  their  use  has  been  published  previously  (Duntley 
et  al„  1!K>7).  Equation  (*>)  on  page  nOO  of  that  refer¬ 
ence  [see  also  Duntley  ( 1 948a) ,  Eq.  (12),  p.  182]  states 
that  all  radiance  differences  are  transmitted  by  the 
atmosphere  with  the  same  attenuation  as  that  ex¬ 
perienced  by  each  image-forming  ray,.  This  implies 
that  no  fine  details  are  obliterated  by  atmospheric 
scattering  processes.  Additional  theory  by  Middleton 
(1942)  and  experiments  by  Duntley  (1948a,  p.  186) 
support  this  implication  and  the  belief  that  images  of 
distant  objects  are  formed  by  photons  which  traverse 
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the  intervening  nusha  without  being  watterod,  'Iliw 
concepts  can  Ik1  .summarized  l»y  tin*  modulation  transfei 
function  for  ntmnsplu  i-ic  Imw. 

Atmospheric  Modulation  Transfer  Function 

In  the  absence  of  atmospheric  boil,  all  nonzero 
spatial  frequencies  are  attenuated  equally,  by  an 
amount  equal  to  the  beam  transmittance  of  the 
path  of  sight  (see  Duntiey  et  al.  (1:)">7),  Eq.  ('»),  p. 
-500 1-  Tb.c  apparent,  radiance  of  the  zero  spatial 
frequency,  however,  is,  by  Eq.  (4)  of  the  same  reference, 
the  sum  of  the  path  radiance  and  the  product  of  the 
inherent  radiance  and  beam  transmittance.  These 
concepts  form  the  basis  of  a  derivation  by  James  L. 
Harris  of  the  modulation  transfer  function  for  atmo¬ 
spheric  haze,  as  follows:  consider  the  inherent  radiance 
of  a  scene,  such  as  that  on  the  cover  of  this  issue,  to 
be  represented  by  a  radiance  distribution  Nv(a,j3), 
where  N  denotes  spectral  radiance,  the  subscript 
signifies  zero  observation  distance  (i.o.,  inherent 
radiance),  and  a,f}  are  rectangular  angular  coordinates 
at  the  eye  of  the  observer.  The  field  of  view  is  rec¬ 
tangular  and  bounded  by  the  angles  —  A/2  <  a  <  A  i‘2 
and  —  B/‘2  <  f3  <  B  2.  In  terms  of  a  two-dimensional 
Fourier  representation,  the  inherent  radiance  is 

XM  -  +  ±'±'«,  CO&*  C08?f 

*«o  y-o  A  L< 

V*  V  ,  2#i7*  .  2 

+  22  L  cos-  -  sin--' 

«=oy-i  A  s 


accomplished  bv  dividing  each  expression  by  {<UnT, 
+  A r*)/n<».  The  normal ized  modulation  transfer  func¬ 
tion  for  nonzero  spatial  frequencies,  denoted  by  r.  is, 
tlier<“fore, 

=  - - =  _ 1  .  (2.2) 

(ow7’f  f  ArVi(,0  1  4-  A  *  /iiIj0T, 

The  symbol  a®,  defined  by  Eq.  (2.1),  signifies  the 
average  inherent  radiance  of  the  field  of  view.  Objects 
occupying  only  a  minor  portion  of  the  field  and/or 
differing  but  slightly  in  inherent  radiance  from  their 
surroundings  have  a  negligible  effect  on  am.  If  the 
object  appears  against  any  uniform  area  of  sufficient 
angular  area  to  render  negligible  its  effect  upon  am 
for  that  area,*  Eq.  (2.2)  may  be  written 

4r,  =  1/(1  +  .V;AA-„r,),  (2.3) 

where  0  is  called  the  inherent  radiance  of  the  back¬ 
ground  against  which  the  object  appears.  The  pre¬ 
script  b  on  „r,  signifies  that  this  modulation  transfer 
function  for  atmospheric  haze  applies  to  the  specified 
background.  In  this  case  the  object  is  said  to  be 
decoupled  from  the  background.  Since  br,  applies 
universally  to  any  decoupled  target  which  may  appear 
against  background  b,  it  lias  been  called  the  universal 
modulation  transfer  function  for  atmospheric  liaze; 
this  is  the  proper  factor  for  use  in  the  modulation 
transfer  function  products  used  to  describe  the  per¬ 
formance  of  optical  and  photographic  systems  used  to 
record  decoupled  targets. 
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where  the  primes  on  the  first  double  summation 
indicate  that  the  term  i  =  j  -  0  lias  been  eliminated, 
where 

e-A/2  rB/2 

Oco  =  -  -  I  I  S\{a&)  ila'lg.  (2,1) 

AB  J  —  A/2  J  -B/2 

The  corresponding  apparent  radiance  A’,(a,d),  as 
seen  from  observation  distance  r  is 


N/n,$)  —  Qvti'r  -4-  Tf  y~.  y*l  0(Oij,b„,C,j,d,,)  +  r, 

i-o  y-o 

where  the  double  summation  symbolizes  the  four 
components  shown  above,  provided  that  the  beam 
transmittance  Tr  ^  /(>,/3)  and  the  path  radiance 
'N‘  ^  /{a, 8).  These  assumptions  are  described  ay 
saying  that  T,  and  N'  are  dccmiplcd  from  the  see:  e 
and  represent  measures  of  atmospheric  effects. 

The  nonnomialized  modulation  transfer  function 
for  nonzero  spatial  frequencies  is  simply  a,/p,  and 
that  for  the  2cro  spatial  frequency  is  (aMT,  ■  N*)  «<„. 
Normalization  to  unity  at  zero  spatial  frequency  is 


Contrast 

Throughout  the  literature  of  visibility,  the  ratio  of 
the  radiance  (or  luminance)  of  any  object  decoupled 
from  its  background  to  the  radiance  (or  luminance)  of 
its  backgrouna  in  the  direction  of  observation,  or  some 
function  of  that  ratio,  has  been  referred  to  as  contrast. 
In  this  article  the  ratio  just  defined  will  lie  denoted  by 
p  and  referred  to  as  ratio  contrast.  Since  any  function 
of  p  also  represents  a  form  of  contrast,  there  are, 
obviously,  a  limitless  number  of  possible  forms,  each 
of  which  could  be  named. 

.Most  of  the  literature  of  visibility,  both  psycho- 
physiological  and  physical,  has  made  exclusive  use  of 
the  contrast  function  p  —  I,  because  it  provides  im¬ 
portant  advantages  in  both  disciplines.  Fundamen¬ 
tally,  the  italicized  generalization  ii>  Sec.  1 1.3,  which 
refers  to  p  —  1  or  its  algebraic  equivalent  SBB,  states 
that  flux  increments  (A/f)  art  as  detectable  xs  flux 
decrements  ( -  A/I).  Since  negative  contrast  ( —  A B/B) 
can  never  oxc*vd  1  m  absolute  .  able,  whereas  the 

*  The  area  so  defined,  i.o.,  the  background,  often  constitutes 
only  a  small  portion  of  the  field  of  view.  Adjacent  f  reas  comprise 
the  surround  of  the  background.  The  adaptive  state  of  the 
olrserver  is  sometimes  effected  by  a  surround  which  differs 
markedly  in  luminance  from  that  of  the  background 
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magnitude  of  positive  contrast  is  limitless,  objects 
lighter  than  their  backgrounds  can  be  vastly  more 
detectable  than  otherwise  identical  objects,  darker 
than  their  backgrounds.  Physically,  p  —  1  is  refutable 
to  the  universal  modulation  transfer  function,  as  may 
be  seen  by  combining  Kqs.  (4)  and  (7)  on  p,  .500  of 
the  paper  by  Duntlcy  el  ol.  (1957)  to  produce  the 
equation 

CA!M)/CA:,M  -  [I  f  ' 

(2.4) 

in  the  notation  used  in  that  reference  as  well  as  in 
Sec.  VI  of  this  article.  In  Kq.  (2.4),  C0{zt.9,<p)  denotes 
the  inherent  contrast  p  —  1  of  an  object  at  altitude 
Zi,  when  viewed  along  a  path  of  sight  defined  by  zenith 
angle  6  and  azimuth  angle  4>;  the  subscript  zero  implies 
zero  observation  distance,  i.o.,  inherent  contrast. 
Similarly,  Cr(z,d,4i)  denotes  the  apparent  contrast  of 
the  target  at  viewing  distance  r  from  altitude  z  along 
the  same  path  of  sight  d,<p.  The  same  parenthetical 
modifiers  denoting  altitude  and  path  of  sight  appear 
on  the  path  radiance  AC(z,ff,^).  the  beam  tiansmittance 
T,(z,0,0),  and  the  inherent  background  radiance 
o Nu(zt,0,<l>).  With  the  incorporation  of  parenthetical 
modifiers  to  specify  altitude  and  path  of  sight,  the 
right-hand  side  of  Eq.  (2.3)  is  seen  to  be  identical  with 
the  right-hand  side  of  Eq.  (2.4).  Thus,  the  universal 
modulation  transfer  function  for  atmospheric  haze  is 
identically  equal  to  the  ratio  of  apparent  to  inherent 
universal  contrast  when  Co  =  p  —  1,  i.c.,  in  complete 
notation:. 

»rgi,tf,*)  ss  (2.5) 

where  the  prescript  b  specifies  that  the  quantity  applies 
to  background  b.  The  p  —  1  type  of  contrasts  in 
Eqs.  (2.4)  and  (2.5)  share  with  #rr  the  unique  and 
valuable  property  of  universal  applicability  to  any 
object  which  may  appear  against  background  b. 
bCr(z,0,<t>)  and  bC0(zi,0,4>)  are,  therefore,  referred  to  as 
universal  apparent  contrast  and  universal  inherent 
contrast,  respectively.  The  form  p  —  1  is  also  referred 
to  as  universal  contrast.  The  ratio  of  universal  ap¬ 
parent  contrast  to  universal  inherent  contrast  is  called 
universal  contrast  transmittance  and  denoted  by 
»3r(z,0,$).  Because  the  form  p  —  I  is  used  exclusively 
in  this  article  (except  in  the  following  paragraph) 
and  throughout  virtually  the  entire  literature  of  visual 
science  and  visibility,  the  adjective  universal  often  has 
been  omitted  in  the  later  sections  of  this  paper,  but 
the  universal  form  of  contrast  is  to  be  understood 
unless  some  alternate  form  is  mentioned  by  name. 

Modulation  Contrast 

Resolution  tests  and  performance  analyses  of  many 
optical  systems,  particularly  photographic  systems, 
are  frequently  described  in  terms  of  the  ratio  (p  —  )}/ 
(p  +  1);  this  may  bo  called  modulatim  contrast  and 


denoted  by  Algebraically,  this  definition  is 

equivalent  to  the  form  A.V  (,/V  ,.V),  a  radiometrie 

nonentity  in  object  space,  but  obviously  descriptive 
of  a  spat  ial  modulation  test  object,  composts!  of  alternat¬ 
ing,  equally  wide  bars  having  radiances  j.V  and 
respectively,  and  related  to  the  modulation  transfer 
function  for  atmospheric  haze  through  tin*  relation 
floo  =  (uV  +  -iV)/2.  Modulation  contrast  uC,  shares 
none  of  the  universal  properties  of  4C„  but  simple 
algebraic  interconnections  between  it  and  universal 
contrast  exist  because  of  the  respective  definitions 
12 C,  =  (p  -  l)/(p  +  1)  and  bC,  =  (p  -  1).  Simple 
algebraic  relations  can  readily  be  found  between 
modulation  contrast  transmittance  w3,  and  the  pair 
of  universal  contrast  transmittanccs  i3,  and  23r. 

Modulation  contrast  and  modulation  contrast  trans¬ 
mittance  have,  at  present,  no  usefulness  in  visibility 
for  at  least  three  reasons:  (1)  they  lack  universal 
applicability  to  all  objects  and  components  of  objects, 
a  property  essential  to  the  object  index  concepts 
described  in  Sec.  IX;  (2)  they  lack  the  single-valued 
connectioii  with  detection  thresholds  possessed  by  the 
universal  forms  and  without  which  the  techniques 
dealt  with  in  Secs.  Ill,  IV,  and  X  would  be  vastly 
more  complicated;  (3)  virtually  no  visual  threshold 
data  exist  in  spatial  frequency  form,  although  research 
in  this  direction  has  l>egun  (,ie  Talma  and  Lowry, 
1962). 

Atmospheric  Boil 

Image  transmission  by  the  atmosphere  is  affected 
by  atmospheric  boil  in  an  entirely  different  manner 
than  by  atmospheric  haze.  Nonzero  spatial  fre¬ 
quencies  are  not  attenuated  equally,  resulting  in  a 
true  loss  of  resolution.  Visibly  noticeable  temporal 
variations  are  produced  in  the  images  of  distant  objects. 
The  contrast  transmittance  for  objects  of  small  angular 
subtense  varies  inversely  as  the  third  power  of  the 
distance  in  the  presence  of  boil  distributed  uniformly 
throughout  the  path  of  sight  (Duntley,  1963b).  Modu¬ 
lation  transfer  functions  for  atmospheric  boil  have  been 
derivea  by  Hufnagel  and  Stanley  (1964). 

11.5.  Water  Properties 

Visibility  by  swimmers  is  limited  by  contrast  at¬ 
tenuation  in  a  manner  somewhat  similar  to  that 
experienced  in  a  foggy  atmosphere.  Differences  be¬ 
tween  atmospheric  effects  and  corresponding  under¬ 
water  effects  are  evident  along  inclined  paths  of  sight, 
however,  because  absorption  of  visible  light,  ordinarily 
absent  in  the  atmosphere,  plays  a  prominent  role  in 
even  the  clearest  of  waters.  Underwater  sighting 
ranges  are  always  short  compared  with  sighting  ranges 
in  clear  air.  Nearly  all  objects,  therefore,  subtend  so 
large  a  visual  angle  when  seen  underwater  that  the 
exact  size  of  the  object  is  of  almost  no  consequence. 


May  1964  /  Vol.  3,  No.  5  /  APPLIED  OPTICS  555 


Except  for  very  liny  objects  or  the  fine  details  of  larger 
ones,  underwater  sighting  ratines  de|>ciid  almost 
entirely  ttjton  the  contrast  transmittance  of  the  (Kith 
of  sight  when  tnnple  daylight  prevails.  The  funda¬ 
mentals  of  this  subject  have  been  treated  by  Duntley 
(llHilla).  Additional  discussion,  chiefly  from  the 
standpoint  of  input  data,  is  given  in  See.  VII  of  this 
article. 

15.6.  Combining  Techniques 

Data  on  objects,  backgrounds,  atmospheres,  and 
observers  must,  be  combined  if  answers  are  to  be 
generated  for  the  types  of  questions  raised  in  the  first 
paragraph  of  See.  I.  Such  visibility  calculations  were 
made  initially  by  iterative  numerical  procedures  which 
bracketed  the  final  answer  as  closely  as  necessary 
(Duntley,  1040,  1048a, It).,  Such  calculations  are 
cumbersome,  time-consuming,  and  they  invite  mis¬ 
takes.  Prior  to  the  advent  of  fast  electronic  com¬ 
puters,  the  most  promising  method  to  accelerate  the 
calculations  appeared  to  lie  in  the  use  of  nomographic 
charts.  A  series  of  nomograms  for  visibility  calcula¬ 
tions  were  published  by  Duntley  (1040,  1048b)  and 
were  subsequently  republished  by  Middleton  (1052) 
and  by  various  others. 

Graphical  Methods 

Alternative  graphical  procedures  have  also  been 
devised.  One  common  technique  is  to  prepare  a  plot 
of  apparent  object  contrast  vs  observer  distance  ex¬ 
pressed  in  terms  of  the  angular  diameter  of  a  circular 
disk  having  an  angular  area  equal  to  that  of  the  object. 
This  curve  is  superimposed  upon  a  plot  of  threshold 
contrast  for  circular  objects  vs  the  angular  diameter 
of  these  objects.  The  curves  intersect  at  the  limiting 
object  diameter  and  indicate,  therefore,  the  maxi¬ 
mum  distance  at  which  the  object  can  be  visually 
detected.  The  steepness  of  the  intersection  of  the 
curves  and  the  spread  between  them  at  other  object 
distances  provide  a  valuable  indication  of  the  varia¬ 


bility  of  the  detection  range  \\  it h  observer  |«-rformance. 
It  must  be  Itorne  in  mind  that  all  of  the  \  imiuI  threshold 
data  are  averages  of  the  |H*rf«immnec  of  .-e\  eral  ob¬ 
servers  and  that  there  is  an  important  degree  of 
variability  throughout,  the  human  population  (Sec.  IV). 

Visual  Search 

The  detection  ranges  calculated  by  any  of  the  pro¬ 
cedures  described  in  the  preceding  panigraphs  represent 
the  maximum  distances  achievable.  These  ranges 
will  only  be  realized  when  the  object  is  imaged  upon 
the  most  sensitive  portion  of  the  retina.  In  most 
instances  the  observer  is  required  to  search  for  an 
object  within  his  field  of  view.  In  such  a  circum¬ 
stance  the  chance  of  the  object’s  being  imaged  on  bis 
optimal  retinal  area  may  be  small  and  the  probability 
of  detection  at  any  given  range'  will  depend  upon  the 
peripheral  sensitivity  of  his  eye1.  Calculation  of 
detection  probabilities  in  visual  search  was  pioneered 
by  Lamar  (1046),  and  a  valuable  compendium  on  visual 
search  techniques  is  contained  in  National  Academy 
of  Sciences -National  Research  Council  Publication  712 
(I960).  Although  the  principles  of  visual  search 
calculations  have*  been  well  known  for  about,  twenty 
years,  their  practical  application  has  been  compromised 
in  virtually  every  instance  by  lack  of  sufficient  data 
on  the  optical  properties  of  objects  arid  backgrounds, 
visual  properties,  ocular  behavior,  and  atmospheric 
effects.  Even  when  adequate  information  is  available, 
the  computational  task  is  a  staggering  one  if  the  data 
are  used  properly.  A  new  concept  of  object  classi¬ 
fication  described  in  Sec.  IX  may  eliminate  part  of 
this  difficulty.  When  it  is  combined  with  computer 
techniques,  a  permanently  satisfactory  means  for 
visual  search  calculations  should  result.  Section  X 
of  this  article  contains  a  numerical  example  of  an 
advanced  type  of  visual  search  calculation  intended  to 
illustrate  more  completely  than  has  been  done  hereto¬ 
fore  one  technique  for  incorporating  real  and  complete 
data  into  a  practical  visual  search  calculation. 


III.  Optical  Properties  of  Objects  and  Backgrounds 

Jacqueline  S.  Gordon 


There  are  two  basic  approaches  to  the  description 
of  the  optical  properties  of  objects  and  backgrounos. 
One  is  to  describe  the  component  properties,  such  as 
directional  reflectance  and  lighting  distribution.  These 
properties  may  then  be  combined  with  information 
on  the  shape  and  orientation  of  each  pattern  element 
in  order  to  determine  its  inherent  luminance  in  the 


direction  of  any  given  path  of  sight.  The  alternative 
method  is  to  measure  the  inherent  luminance  (or  the 
inherent  spectral  radiance)  under  specific  natural 
lighting  conditions.  It  is  the  latter  approach  that 
has  t>een  employed  almost  exclusively  in  this  section, 
since  data  in  this  form  are  directly  usable  in  practical 
visibility  problems. 
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Because  of  .space  limitations,  the  data  on  targets 
and  backgrounds  presented  in  this  section  will  be 
limited  to  photopic  properties  under  only  one  form  of 
natural  illumination.  Emphasis  is  placed  upon  data 
appropriate  for  use  with  the  specific  atmospheric 
properties  presented  in  Sec.  VI,  i.e.,  a  clear  day  with 
a  moderately  high  sun  at  a  zenith  angle  of  41.5°. 

Ill.l.  Natural  Illumination 

The  position  of  the  sun  and  the  relative  contribution 
of  the  sun  to  the  total  illuminance  have  a  major  effect 
upon  the  inherent  luminanee  of  objects  and  back¬ 
grounds.  The  total  illuminance  on  a  fully  exposed 
horizontal  plane  at  sea  level  in  clear  weather  has  been 
tabulated  as  a  function  of  the  zenith  angle  of  the  sun 
by  Brown  (1952);  a  curve  plotted  from  these  tables 
is  shown  in  Fig.  3.1.  The  same  figure  also  contains 
data  points  representing  data  obtained  in  the  desert 
near  Inyokern,  California,  on  7  August  1962  by  means 
of  a  photoelectric  illuminometcr  and  shadow  intensity 
meter  (see  Sec.  VIII).  The  measured  total  illuminance, 
resulting  from  both  sun  and  sky,  is  denoted  by  crosses, 
whereas  the  component  of  illuminance  resulting  from 
the  sky  alone  is  shown  by  circled  points.  Obviously, 
the  contribution  resulting  from  the  sun  becomes  more 
important  with  decreasing  solar  zenith  angle.  Figure 
3.2  presents  the  same  data  as  the  ratio  of  the  component 
of  illuminance  owing  to  the  sky  to  the  total  illuminance. 
The  contrast  of  a  shadow  on  a  horizontal,  diffusely 
reflecting  background  is  this  ratio  minus  1;  such 
contrasts  are  indicated  on  the  right-hand  scale  of 
Fig.  3.2. 

On  clear  days,  the  total  illuminance  at  a  given  solar 
zenith  angle  shows  less  variability  with  air  clarity 


Fig.  3. 1 .  Illuminance  as  a  fur''tion  of  sun  jwsition ;  solid  curve  is 
from  Brown  ( 1952).  A  valtK  n  lm/ft*  X  10.764  yields  the  cor¬ 
responding  value  in  lm/in*. 


Fig.  3.2.  Shadow  intensity  as  a  function  of  sun  position;  ratio 

presumably  goes  to  1  when  sun  lias  a  zenith  angle  of  90°. 

than  does  the  component  of  illuminance  owing  to  the 
sky,  presumably  because  more  sunlight  i3  scattered 
and  redistributed  when  atmospheric  clarity  decreases, 
thus  increasing  the  sky  illuminance.  Since  very  little 
visible  light  is  lost  by  absorption  in  the  atmosphere 
unless  smoke  and  dust  are  present,  the  redistribution 
may  increase  the  total  illuminance  at  the  very  large 
solar  zenith  angles,  and  only  slightly  decrease  the  total 
illuminance  when  the  sun  is  near  the  zenith.  For 
example,  on  the  day  for  which  the  atmospheric  proper¬ 
ties  arc  given  in  Sec.  VI,  the  total  illuminance  on  a 
horizontal  plane  at  ground  level  was  5940  lm/ft* 
(64,000  lm/m*),  and  the  ratio  of  sky  component  to  the 
total  illuminance  was  0.235.  Thus  the  total  il¬ 
luminance  was  only  slightly  below  that  for  the  clear 
desert  day  depicted  by  the  data  in  Figs.  3.1  and  3.2, 
but  the  sky  made  a  much  larger  relative  contribution. 

Moonlight 

Measurements  of  the  luminance  of  objects  and 
backgrounds  under  moonlight  are  more  difficult  to 
make  than  under  sunlight  owing  tc  the  large  decrease 
in  illumination.  The  full  moon  is  approximately  the 
same  angular  size  as  the  sun  and,  similarly,  serves  as 
the  principal  source  of  light.  Thus,  for  the  same 
zenith  angle  of  the  sun  or  moon  and  the  same  atmo¬ 
spheric  conditions,  objects  and  backgrounds  will  have 
the  same  directional  reflectances,  and  contrasts  de¬ 
termined  in  daylight  are,  therefore,  directly  applicable. 
This  is  as  true  for  upward  and  horizontal  paths  of 
sight  as  for  downward  paths  of  sight.  Moreover, 
the  ratio  of  the  luminance  of  an  object  under  com¬ 
parable  sunlight  and  full  moonlight  conditions  is 
equal  to  the  ratio  of  the  inherent  luminances  of  the 
sun  and  the  moon. 

111.2.  Sky  Backgrounds 

The  backgrounds  generally  encountered  on  upward- 
looking  paths  of  sight  are  skies.  Fortunately,  the 
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literature  contains  numerous  measurements  of  sky 
luminance  nuclei  a  variety  of  conditions.  V  most 
useful  compendium  by  llulbert  (1957)  tabulates  clear 
weather  sky  luminances  for  nighttime,  twilight,  and 
daytime  as  a  function  of  solar  zenith  angle,  and  path 
of  sight.  The  luminance  of  overcast  skies  was  treated 
by  Moon  and  Spencer  (1942). 

Sky  luminance  data  as  a  function  of  altitude  and 
path  of  sight  for  a  clear  day  with  a  solar  zenith  angle 
of  41.,')°  is  given  in  See.  VI  of  this  article. 

A  common  background  for  horizontal  paths  of  sight 
is  the  sky  near  the  horizon.  Typical  horizon  sky 
luminances  as  a  function  of  time  of  day  or  night  and 
type  of  weather  are  presented  in  Table  3.  1  from 
Duntlev  (1940,  1948b). 


Table  3.1.  Horizon  Sky  Luminances 


Description 

Luminance 

(fl-L> 

Luminance 

(cd/m*) 

Full  daylight 

1000 

3,420 

Overcast  day 

100 

343 

Very  dark  day 

10 

34 

Twilight 

1 

3  4 

Deep  twilight 

10-‘ 

3  4  X  10-* 

Full  moon 

10-= 

3  4  X  10-  * 

Quarter  moon 

!<>-= 

3  t  X  l(l-» 

Starlight 

It!  • 

3  4  X  10-‘ 

Overcast  starlight 

!<>-* 

3  4  X  10-‘ 

For  horizon  sky  data  for  clear  weather,  nighttime, 
twilight,  and  daytime  as  a  function  of  sun  zenith  angle 
and  azimuth  from  the  sun,  refer  to  llulbert  (1957). 
For  data  coordinated  with  atmospheric  clarity  data 
for  sun  zenith  angle  41.5°,  see  Sec.  VI  of  this  article. 

III.3.  Directional  Reflectance  of  Terrains 

The  characteristic  differences  in  directional  re¬ 
flectance  between  most  man-made  surfaces  and  natural 
terrains  were  noted  in  See.  II  of  this  article.  A 
further  example  is  provided  by  Fig.  3.3,  which  depicts 
weathered  aluminum  and  luird-paeked  dirt.  The 
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DIRECTIONAL  REFLECTANCE 

Fig.  3.3.  Directional  luminous  reflectance  of  weathered  alumi¬ 
num  (see  Table  3.3,  object  1)  and  hard-packed  yellowish  dirt  (sec 
Table  3.2,  terrain  S). 


latter  exhibit*  pmminent  back  glo—  Tabic  .5  2  gives 
luminous  directional  relieetanee  data  foi  fourteen 
terrains.  The  first  live  of  these  terrain*  were  measured 
simultaneously  with  the  atmospheric  data  given  m 
See.  VI  of  this  article  and  arc  appropriate  for  use  with 
those  data.  The  remaining  nine  sets  of  terrain  data 
were  selected  as  also  appropriate  for  use  in  the  same 
way.  The  data  in  Table  8.2  arc  ratios  of  inherent 
luminance  in  the  direction  of  the  speeilied  path  of 
sight  to  Hie  total  illuminance  on  a  fully  exposed  hori¬ 
zontal  plane  at  ground  level;  this  was  5940  Im/ft2 
(04,000  Im/m2)  when  the  atmospheric  data  given  in 
See.  VI  were  obtained. 

Directional  reflectance  was  chosen  for  tabulation  in 
Table  3.2  to  minimize  the  effect  of  the  change  in  total 
illuminance  for  small  changes  in  sun  zenith  angle. 
Only  at  the  paths  of  sight  where  the  background 
exhibits  a  large  specular  component  does  a  minor 
change  in  solar  zenith  angle  cause  an  appreciable 
change  in  directional  reflectance.  Specular  reflectance 
tends  to  he  most  important  at  angles  which  reflect  the 
sun  and  at  grazing  incidence  to  the  surface. 

AH  the  data  in  Table  3.2  on  various  terrain  back¬ 
grounds  and  other  background  surfaces,  except  those 
for  calm  water,  exhibit  the  phenomenon  of  hack  gloss: 
i.e.,  the  highest  directional  reflectance  occurs  when  the 
path  of  sight  is  away  from  the  azimuth  of  the  sun 
(<f>  =  180°). 

Ili.4.  Objects 

The  most  accurate  method  of  determining  the 
optical  characteristics  of  a  three-dimensional  object 
is  to  measure  the  optical  properties  of  the  actual  object 
or  a  scale  model  with  optically  equivalent  surface 
characteristics  on  the  actual  background  under  natural 
illumination,  thus  obtaining  the  effect  o?  the  appropriate 
uiterrefieetions  between  surfaces.  A  less  precise  but 
simpler  approach  is  to  measure  the  directional  re¬ 
flectance  of  a  flat  surface  oriented  in  a  series  of  directions 
appropriate  to  the  object  for  the  paths  of  sight  in 
question.  For  the  data  reported  in  this  section, 
the  latter  procedure  was  utilized.  The  number  of 
surface  orientations  was  limited  to  angle  increments 
of  45°.  Thus,  a  seventeen-sided  figure  represents 
surfaces  appropriate  for  most  downward  paths  of 
sight,  and  a  twenty-six-sided  figure  represents  surfaces 
for  all  paths  of  sight. 

The  designation  of  “object"  and  “background"  is 
somewhat  arbitrary,  since  what  is  background  in  one 
east1  may  be  an  object  in  another.  For  instance,  a 
road  may  be  the  background  for  a  vehicle  or  it  may  be 
the  object  when  viewed  against  the  surrounding 
terrain.  Similarly,  what  is  an  object  in  one  case  may 
become  s>  background  in  another.  A  vehicle  may 
itself  be  the  object,  or  some  surface  of  the  vehicle  may 
lx*  the  background  against  which  lettering  is  to  he 
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Table  3.2.  Directional  luminous  Reflectance  of  Terrain  Backgrounds 


Description 

Sun 

zenith 

angle 

Azimuth 
of  the  path 
of  sight 
relative  to 
the  sun 

Zenith  angle  of  path  of 

sight 

180 

165 

150 

135 

120 

105 

100 

95 

1. 

Pine  trees,  small,  uniformly  spaced. 

41.5 

0 

0.0333 

0  0241 

0.0214 

0.0214 

0.0261 

0.0379 

0.0403 

0.0859 

Pata  are  for  unresolved  terrain 

45 

0.0222 

0.0202 

0.0194 

0  0210 

0.0303 

0.0387 

0.0549 

over  which  atmospheric  data 

90 

0  0315 

0  0311 

0.0317 

0.0317 

0.0337 

0.0387 

0.0463 

given  in  Sec.  VI  were  collected. 

135 

0.0335 

0.0382 

0.0392 

0.0387 

0.0438 

0.0463 

0.0572 

180 

0.0402 

0.0444 

0.0578 

0.0640 

0.071! 

0.0758 

0.0825 

2. 

Crass,  thick,  rather  long,  pale  green, 

41.5 

0 

0.08S 

0  081 

0.070 

0.077 

0  088 

0.094 

0.096 

0.094 

dormant,  dryish,  little  ground 

ISO 

0.098 

0.119 

0  146 

0.150 

0. 153 

0.153 

0. 160 

showing." 

3. 

Asphalt,  oily,  with  dust  film  blown 

42.0 

0 

0.061 

0.057 

0  058 

0.060 

0.068 

0  090 

0.104 

0.127 

onto  oil.* 

180 

0  067 

0  080 

0.101 

0.090 

0.086 

0.086 

0  088 

4. 

“White”  concrete,  aged." 

42.2 

0 

0.266 

0  263 

0  254 

0.254 

0.206 

0.298 

0.320 

0.374 

180 

0.289 

0.313 

0.343 

0.367 

0.350 

0.343 

0  320 

5. 

Calm  water,  infinite  optical  depth.6 

41.5 

0 

0.0222 

0.0234 

0.0297 

0  0569 

0.139 

0.267 

0.461 

45 

0.0230 

0.0240 

0.0272 

0.0357 

0.107 

0.199 

0.325 

00 

0.0221 

0.0222 

0.0234 

0.0293 

0.0711 

0.121 

0  2)4 

135 

0.0213 

0.0212 

0.0220 

0.0270 

0.0665 

0.113 

0  203 

180 

0.0214 

0.0212 

0.0216 

0.0267 

0.0718 

0.125 

0.254 

0. 

Crass,  lush  green,  closely  mowed 

40.4 

0 

0.100 

0  096 

0.098 

0.108 

0  120 

0.149 

0.168 

thick  lawn.* 

39.0 

90 

0. 103 

0  HO 

0.121 

0.138 

0  159 

0.168 

39.6 

135 

0  107 

0  125 

0.148 

0. 166 

0.178 

0.178 

39.9 

180 

0.109 

0. 10!* 

0.119 

C.  122 

0.125 

0.125 

7. 

Macadam,  wushed  off  and  scrubtied.' 

48.5 

0 

0  113 

0.115 

0.119 

0.128 

0.148 

0  194 

0.229 

60.1 

90 

0.110 

0  109 

0.116 

0.122 

0.139 

0.147 

46.0 

180 

0.126 

0.141 

0.156 

0.166 

0.172 

0.176 

8. 

Dirt,  hard  packed,  yellowish/ 

53.2 

0 

0.243 

0.230 

0.229 

0.239 

0.252 

0.300 

0.330 

56.5 

90 

0.243 

0.258 

0.260 

0.270 

0.300 

0.304 

51.1 

180 

0.272 

0.313 

0  370 

0.422 

0.432 

0.434 

9. 

Mixed  green  forest,  deciduous  (oak) 

39.0 

0 

0.0360 

0.0325 

0.0291 

0.0205 

0.0205 

0  0342 

and  evergreen  (pine).* 

37.0 

180 

0.0410 

0  0493 

0.0493 

0.0820 

0  263 

10. 

Pine  forest.* 

33.5 

0 

0.0385 

0.0385 

0.0308 

0.0246 

0.0246 

0.0200 

11. 

Grass,  dry  meadow,  dense,  mid- 

45 

0 

0.0955 

0.0897 

0.0960 

0.0952 

0.108 

0.129 

summer.* 

45 

90 

0.0778 

0.0890 

0.101 

0.111 

0.130 

45 

180 

0.116 

0.131 

0.143 

0.153 

0.170 

45 

270 

0.107 

0.121 

0.134 

0.137 

0.132 

12. 

Ilyas,  sparse  and  dry,  yellowish 

40 

0 

0.231 

0.320 

0.342 

0.356 

grass  on  sand  at  end  of  summer.* 

40 

90 

0.163 

0.176 

0.198 

40 

180 

0.295 

0.353 

0.359 

40 

270 

0.262 

0.237 

0.229 

13. 

Sand  dunes,  shurpiy  expressed  micro- 

40 

0 

0.288 

0.183 

0  337 

0.353 

relief,  dry.* 

40 

90 

0.284 

0.329 

0.306 

40 

180 

0.246 

0.259 

0.276 

40 

270 

0.278 

0.410 

0.281 

14. 

Podsol,  ploughed,  moist.* 

50 

0 

0.0600 

0.0680 

0.0646 

0.0555 

50 

90 

0.0662 

0.0953 

0.0715 

0.0614 

0.0761 

50 

270 

0. 149 

(0.  isoy 

0. 168 

0.168 

(0. 189/ 

•  These  terrains  were  measured  on  the  ground  by  means  of  a  gouiophotometer,  beneath  and  during  the  collection  of  the  data  in 
Sec.  VI. 

‘Computed  from  equations  by  Duntley  (1052)  for  the  lighting  condition  prevailing  for  items  I  and  2  in  this  table. 

*  Pata  taken  with  a  goniophotometer,  10  October  1956. 

*  Data  taken  with  a  photoelectric  telephotometer  from  a  helicopter  at  300  ft  (91,4*m)  altitude,  mountain  forested  area  near  Julian, 
California,  23  September  1959. 

•  Luminous  directional  reflectance  for  terrains  It  through  14  were  computed  from  spectrophotometric  data  by  hrinov  (1947)  using 
C.I.E.  IUuminant  B.  Disparity  between  data  for  azimuths  90°  and  270’  '‘is  explained  apparently  by  the  direction  of  shallow  furrows 
in  relation  to  the  sun”,  (Krinov-Belkov,  1953,  p.  75). 

I  Parentheses  indicate  estimates  based  on  incomplete  spectral  data. 
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discerned,  in  Table  3.2  horizontal  natural  and  man¬ 
made  surfaces  are  arbitrarily  called  “background”. 
Just  as  arbitrarily,  man-made  surfaces  placed  in  the 
various  orientations  described  above  are  termed 
“objects”  in  Table  3.3. 

The  data  in  Table  3.3  are  appropriate  for  use  with 
the  backgrounds  in  Table  3.2.  The  three  man-made 
objects  are  weathered  aluminum,  an  aluminum  painted 
surface,  and  a  glossy  white  painted  surface.  Dia¬ 
grams  depicting  the  orientation  of  the  surfaces  and  the 
zenith  angle  and  azimuth  of  the  normal  from 
each  surface  are  presented  in  Fig.  3.4.  The  top  part 
of  the  figure  is  for  the  path  of  sight  toward  the  azimuth 
of  *he  sun,  4>  =  0°;  as  shown  on  the  right,  the  path 
of  sight  has  various  zenith  angles  from  180°  (straight 
downward)  to  95°  (nearly  horizontal).  Similarly, 
the  bottom  portion  of  Fig.  3.4  is  for  the  paths  of  sight 
looking  away  from  the  sun.  These  diagrams  are  to 
be  used  as  aids  in  interpreting  the  data  presented  in 
Table  3.3. 


Ifl.5.  Inherent  Contrast 

A  graphical  method  for  representing  the  inherent 
contrast  of  objects  and  backgrounds  for  various  paths 
of  sight  is  illustrated  by  Fig.  3.5,  wherein  data  from 
Tables  3.2  and  3.3  for  terrain  8  (dirt)  and  object  1 
(weathered  aluminum),  respectively,  are  plotted  in 
semilogarithmic  form.  Consider  first  the  two  solid 
curves.  The  (small)  vertical  separation  between 


AZIMUTH  OF  PATH  OF  SIGHT  O’ 


AZIMUTH  OF  PATH  0  SIOHT  ISO* 


Fig.  3.4.  Surfaces  of  three-dimensional  objects;  each  number 
pair  refers  to  the  zenith  angle  and  azimuth  from  the  plane  of  the 
sun  of  the  normal  from  the  surface,  resjiectivel.v. 


Fig.  3.5.  Reflectance  of  object  and  background. 


Fig.  3.6.  Contrast  of  object  and  background. 


them  is  a  direct  (logarithmic)  measure  of  the  ratio 
of  the  directional  reflectance  of  the  two  surfaces  along 
all  downward  inclined  paths  of  sight  in  the  plane  away 
from  the  sun.  Similarly,  the  (large)  vertical  separa¬ 
tion  between  the  two  dotted  curves  shows  graphically 
the  magnitude  of  the  ratio  of  the  corresponding  direc¬ 
tional  reflectances  for  paths  of  sight  toward  the  plane 
of  the  sun  (azimuth  0°)., 

A  semilogarithmic  plot  of  the  vertical  separations 
between  the  two  pairs  of  curves  in  Fig.  3.5  is  shown  in 
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1.  Weathered 
aluminum1 


(shadowed)* 

2.  Aluminum  paint1 


Aluminum  paint 
(shadowed)1 
3.  Glossy  white  paint1 


Table  3.3.  Directions;  Luminous  Reflectance  ot  Objects11 

Azimuth  N<lrmal  from 


Sun 

zenith 

angle 

of  path 
of  sight 
relative 
to  sun 

surface 

Zenith 

angle  Azimuth 

50.5 

0 

0 

0 

5(1  2 

0 

45 

180 

5(1.2 

0 

45 

0 

57.2 

0 

45 

±00 

56.4 

0 

90 

180 

55.  S 

90 

0 

0 

56.2 

180 

0 

0 

56.1 

180 

45 

0 

56.1 

180 

45 

180 

57.2 

180 

45 

±90 

57.3 

180 

90 

±45 

56.2 

180 

90 

0 

56.0 

0 

0 

0 

56  0 

180 

0 

0 

56.5 

0 

0 

0 

55.9 

0 

45 

180 

55.9 

0 

45 

0 

57.0 

0 

45 

±90 

56.5 

0 

90 

180 

55.8 

90 

0 

0 

56.5 

180 

0 

0 

55.8 

180 

45 

0 

55.8 

180 

45 

180 

57.0 

180 

45 

±90 

57.5 

180 

90 

±45 

56.3 

180 

90 

0 

66.1 

0 

0 

0 

56.1 

180 

0 

0 

57.2 

0 

0 

0 

65.9 

0 

45 

180 

55.9 

0 

45 

0 

56.8 

0 

45 

±90 

56.3 

0 

90 

180 

55.0 

45 

0 

0 

55.5 

90 

0 

0 

65.0 

135 

0 

0 

57.2 

180 

0 

0 

56.9 

180 

45 

0 

55.9 

180 

45 

180 

56.9 

180 

45 

±90 

57.5 

180 

90 

±45 

56.2 

180 

90 

0 

56.3 

0 

0 

0 

56.3 

180 

0 

0 

Glossy  white  paint 
(shadowed)1 


•  Sky  condition:  clear. 

*  Data  taken  with  a  goniophotometer,  January  1959. 


Zenith  angle  of  path  of  sight 


180 

165 

180 

135 

120 

105 

100 

95 

0.440 

0  62 

1.18 

3.65 

9.2 

3.75 

3.30 

3.03 

0.255 

0.245 

0.245 

0.350 

1.03 

0.86 

0.92 

1.08 

1.00 

0.76 

0.72 

0.380 

0.405 

0.51 

0.70 

0.231 

0.269 

0  440 

0  465 

0.445 

0.451 

0.475 

0.52 

0.55 

0.56 

0.440 

0.302 

0.400 

0.440 

0.460 

0.485 

0.52 

0.58 

1.00 

1.80 

5.9 

3.80 

1.62 

0.90 

0.87 

0.80 

0.255 

0.275 

0.328 

0.380 

0.380 

0.420 

0.470 

0.58 

0.61 

0  64 

0.05 

0.06 

0,455 

0.51 

0.60 

0.70 

0.76 

0.82 

0.88 

0  206 

0.206 

0.245 

0.206 

0.223 

0  261 

0.290 

0.290 

0.310 

0.330 

0.415 

0.362 

0.420 

0.64 

1.35 

3  45 

3.45 

3.38 

3.45 

0.198 

0. 193 

0.220 

0.340 

0.97 

0.83 

0.93 

1.07 

0.77 

0.84 

0.58 

0.292 

0.292 

0  345 

0  490 

0.180 

0.222 

0.362 

0.362 

0.370 

0.380 

0.385 

0.420 

0.440 

0.440 

0.362 

0.355 

0.400 

0.460 

0.490 

0.50 

0.50 

0.50 

0  77 

1.06 

1  58 

1.45 

1.20 

0.82 

0.75 

0.68 

0.108 

0.220 

0.270 

0.292 

0.310 

0  345 

0.410 

0.52 

0.57 

0  56 

0.50 

0.56 

0.460 

0.52 

0.65 

0.71 

0.74 

0.73 

0.72 

0.180 

0.183 

0.210 

0.180 

0.200 

0.240 

0.246 

0.242 

0,27! 

0.285 

0.299 

0.92 

0.92 

0.95 

1.38 

4.40 

1.85 

1.50 

1.40 

0.248 

0.245 

0  274 

0.395 

1.01 

0  87 

0.99 

1. 10 

1.59 

1.49 

1.33 

0.72 

0.74 

0  78 

0.82 

0.236 

0.290 

0.92 

0.91 

0.90 

0.89 

0.89 

0.82 

0.79 

0.76 

0.92 

0.91 

0.90 

0.89 

0.86 

0.78 

0.70 

0.64 

0.92 

0.91 

0.90 

0.89 

0.84 

0.72 

0.64 

0.54 

0.92 

0  92 

0.B4 

0.99 

1.06 

0.95 

0.89 

0.83 

1.59 

1.08 

2.85 

1.83 

1.09 

1.62 

1.03 

1.63 

0.248 

0.257 

0.315 

0.72 

0.74 

0.81 

0.83 

1.30 

1.32 

1.33 

1.32 

1.32 

1.20 

1.43 

1.50 

1.50 

1,46 

1.46 

1.42 

0.223 

0.216 

0.240 

0.223 

0.240 

0.290 

0.285 

0.290 

0.352 

0,400 

0.490 

Fig.  3.6.  The  object-to-background  ratios  (separa¬ 
tions)  are  plotted  on  the  logarithmic  scale  at  the  right 
in  Fig.  3.6.  The  scale  on  the  left  is  for  contrast, 
which  is  simply  the  object-to-background  ratio  minus  1. 

Practical  convenience  is  often  served  by  a  ruler 
bearing  a  logarithmic  reflectance-ratio  scale  marked 
in  contrast.  When  such  a  ruler  is  used,  zero  contrast 
is  always  placed  on  the  curve  of  background  reflectance, 
and  contrast  is  read  from  the  curve  of  target  reflectance 


vertically  above  or  below,  depending  upon  whether 
the  contrast  is  positive  or  negative. 

If,  for  s  given  three-dimensional  object  for  one 
azimuth  of  the  path  of  sight,  the  contrasts  of  all  of  the 
surfaces  are  plotted  in  similar  fashion  on  one  graph, 
a  quick  picture  is  obtained  of  the  range  of  contrast 
contained  within  the  complex  object.  This  form  for 
plotting  contrast  has  the  additional  advantage  of 
duplicating  the  precision  of  the  initial  measurements. 
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111.6.  Contrast  Control 

The  techniques  described  above  are  of  direct  useful¬ 
ness  to  problems  of  contrast  control.  Either  contrast 
minimization,  or  contrast  maximization  may  be  desired. 

To  a  first  approximation,  it  can  be  assumed  that  a 
paint  can  be  found  with  approximately  the  same 
directional  characteristics  as  the  object  surface  but 
lower  or  higher  in  reflectance.  A  reflectance  curve  of 
such  a  paint  would  have  the  same  characteristics  as 
shown  in  Fig.  3.5,  but  displaced  above  or  below  the 
curve  depending  on  whether  the  reflectance  has  been 
raised  or  lowered.  Therefore  the  contrast  curve  in 
Fig.  3.0  can  be  assumed  to  depict  the  contrast  of  the 
new  paint,  but  with  the  curve  displaced  above  or  below 
the  present  curve.  Instead  of  moving  the  curve,  the 
zero  contrast  line  may  be  moved  with  the  same  result. 

In  selecting  a  new  reference  line,  it  is  desirable  to 
minimize  (or  maximize)  the  absolute  value  of  the 
contrast,  since  the  human  eye  responds  eq:ially  to 
positive  and  negative  contrast  of  the  same  absolute 
value.  Often  the  best  reduction  (or  increase)  in  the 
absolute  contrast  can  be  achieved  by  the  minimization 
(or  maximization)  of  the  area  between  the  zero  contrast 
line  and  the  contrast  curves  when  the  curve  is  plotted 
on  a  linear  contrast  scale.  One  way  to  achieve  mini¬ 
mization  is  to  have  as  large  a  portion  of  the  contrast 
curve  lie  on  or  near  zero  contrast  as  possible.  This 
also  usually  means  that  the  areas  under  the  curve  are 
fairly  equally  divided  between  positive  and  negative 
contrast. 

In  carrying  out  these  procedures,  several  cautions 
should  be  noted: 

First,  the  coordinates  used  for  plotting  the  contrast 
curves  in  Fig.  3.6  gravely  distort  the  contrast  picture. 
On  this  grid  equal  distances  above  and  below  the 
contrast  line  do  not  constitute  equal  absolute  contrasts. 


The  grid  completely  masks  the  fact  that  negative  con¬ 
trast  has  a  maximum  value  of  minus  1,  whereas  positive 
contrast  can  be  infinitely  large.  For  this  reason,  in 
evaluating  a  change  in  reference  line  it  is  important 
to  use  a  movable  contrast  scale  to  measure  the  new 
absolute  values  of  contrast  achieved. 

The  second  factor  to  be  noted  while  minimizing  (or 
maximizing)  contrast  is  the  relative  importance  of 
portions  of  the  contrast  curves.  These  must  be 
evaluated  in  terms  of  the  size  of  the  projected  area  of 
the  object  which  has  this  particular  contrast.  Con¬ 
sider,  for  instance,  a  horizontal  surface.  The  maxi¬ 
mum  area  is  seen  when  the  path  of  sight  is  normal  to 
the  surface,  a  zenith  angle  of  180°.  At  120°  zenith 
angle  the  projected  area  has  been  reduced  to  50% 
of  its  maximum.  Therefore,  for  horizontal  surfaces, 
the  most  important  portion  of  the  contrast  curve  lies 
on  the  right-hand  side  of  the  graph  in  Fig.  3.6,  and  the 
contrasts  for  the  more  slanted  paths  of  sight  (zenith 
angles  less  than  120°)  can  be  ignored. 

The  third  caution  concerns  the  achievability  of  the 
paint  reflectance  needed  to  produce  the  desired  con¬ 
trast  change.  The  minimum  achievable  reflectance 
for  black  paint  depends  upon  whether  a  dull  or  glossy 
finish  is  desired. 

The  reflectance  of  the  desired  paint  is  obtained  by 
dividing  the  reflectance  of  the  object  surface  by  the 
factor  by  which  the  zero  reference  line  has  been  raised 
or  multiplying  by  the  factor  by  which  it  has  been 
lowered. 

The  final  step  necessary  to  complete  the  engineering 
procedure  for  contrast  minimization  (or  maximization) 
is  to  obtain  contrast  curves  for  paints  believed  to  have 
the  required  directional  reflectance  characteristics. 
This  requires  directional  measurements  of  the  paint 
under  appropriate  lighting  conditions. 
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VI.  Atmospheric  Properties 
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Representative  data  from  Visibility  Lalwratory 
Flight  74,  south  of  Crestview,  Florida,  are  shown  in 
F'igs.  6.1,  6.2,  and  6.3  and  Tables  6.1  through  6.12 
inclusive.  The  flight  was  made  midday  on  28  Feb¬ 
ruary  1956.  The  day  was  “clear”,  that  is,  cloudless, 
but  with  pronounced  haze  in  the  first  4000-ft  (1.22- 
km)  altitude.  Recording  of  data  by  airborne  photo¬ 
meters  was  commenced  at  1036  Central  Standard 
Time  (CST)  at  an  altitude  of  20,000  ft  (6.1  km)  and 
was  terminated  at  1326  CST  at  an  altitude  of  1000  ft 
(305  m).,  Data  were  recorded  simultaneously  at  sea 
level  by  duplicate  photometers  installed  on  an  instru¬ 
mented  van  beneath  the  flight  pattern. 

Beam  Transmittance 

The  measured  attenuation  length  L(z),  recorded 
during  Flight  74,  is  plotted  as  a  function  of  altitude 
in  Fig.  6.1.  This  shows  the  laminar  structure  of  the 
atmosphere.*  Also  shown  in  Fig.  6.1  is  a  plot  of 
equivalent  attenuation  length  L(z)..  This  quantity  is  a 
pseudo  attenuation  length  which,  when  combined 
with  its  altitude  z,  can  be  used  directly  in  the  equation 

TA.i,9)  =  exp  {  -  (z/Z.0)]  seefl)  (6.1) 

to  permit  easy  calculation  of  the  atmospheric  beam 
transmittance  between  sea  level  and  altitude  z  for  a 
path  of  sight  inclined  0°  from  the  vertical. 

Example 

What  is  the  beam  transmittance  for  a  path  of  sight 
between  sea  level  and  5000  ft  (1.52  km)  wnen  the 
path  of  sight  is  inclined  60°  from  the  vertical,  i.e.,  with 
a  zenith  angle  of  either  60°  or  120°?  The  equivalent 
attenuation  length  L(z)  for  5000  ft  (1.52  km)  is  2.32 
naut.  miles  (4.3  km) ;  the  secant  of  60°  is  2.00  (hence 

*  Along  inclined  paths  of  sight  atmospheric  attenuation  varies 
with  altitude.  This  can  be  taken  into  account  (1)  by  introduc¬ 
ing  sis  optical  slant  range  f  (see  Disr.tley  1946,  1948a),  (2)  by 
summation  of  attenuation  length  profiles  (see  Duntley,  Boileau, 
a  T'  Jiaendorfer.  1957),  o?  (3)  by  means  of  an  equivalent  at- 

....  ""t  length  (see  Eltermar.,  1963). 


the  path  length  r  -  z  seeff  is  10,000  ft  or  3.05  km); 
so  the  beam  transmittance  found  by  Eq.  (6.1)  is 

7’io.m  (0,  60°)  =  exp  {-(1.52/4.3)2.00) 

=  exp  —0.708 
-  0.403. 

Tw.m  (0,  60°)  is  the  notation  for  the  beam  transmit¬ 
tance  for  the  upward-looking  case.  The  beam  trans¬ 
mittance  for  the  downward-looking  case  Tio.ooo  (5000, 
120°)  has  the  same  numerical  value. 

Table  6.1  is  a  table  of  the  data  shown  in  Fig.  6.1 
augmented  by  extrapolated  values  of  attenuation 
length  from  20,000  ft  to  60,000  ft  (6.1  km  to  18.3  km). 
The  value  of  the  dimensionless  ratio  z/L(z)  as  a  func¬ 
tion  of  altitude  is  also  tabulated.  Figures  6.2  and  6.3 
show  beam  transmittanccs  computed  from  the  data 
in  Table  6.1.  The  curves  are  plotted  on  log-log  graph 
paper,  in  the  case  of  the  vertical  coordinates  to  expand 
the  data  at  low  altitude  and  compress  the  data  at  the 
higher  altitudes,  and,  in  the  case  of  the  horizontal 
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Fig.  6,1.  Attenuation  length  L{z)  was  measured  continuously 
during  1000-ft  per  min  descent  with  aircraft  held  in  level  altitude. 
Equivalent  attenuation  length  in  computed. 
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coordinate,  to  permit  the  curves  to  he  used  for  graphical 
determination  of  beam  transmittance  between  alti¬ 
tude's.  An  example  of  how  this  is  done  follows. 

The  beam  transmittance's  given  by  the  curve's  in 
Figs.  0.2  and  0.31  are'  between  sea  level  and  the  indicated 
altitude.  The  beam  transmittance  between  two  alti¬ 
tudes  is  found  as  the  ratio  of  the  two  beam  transmit- 
tances  between  se>a  level  and  the  two  altitudes.  When 
the  data  are  plotted  on  a  logarithmic  scale,  the  differ¬ 
ence  between  the  log  values  of  the  beam  transmittanees 
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Table  6.1.  Measured  and  Equivalent  Attenuation  Lengths, 
and  Ratio  of  Altitude  to  Equivalent  Attenuation  Length 


Altitude,  2 
(ft)  (km) 

Measured  /,(«)“ 
(naut.  mi)  (km) 

Equivalent  Z(2)6 
(naut.  mi)  (km) 

*/£<*) 

0 

0 

4.00 

8  52 

4.60 

8.52 

0.000 

1000 

0.305 

1  50 

2.7S 

2  65 

4  91 

0.062 

2000 

0.610 

0.40 

0.74 

1.75 

3.24 

0  188 

3000 

0  914 

3.10 

5.74 

1.71 

3.17 

0.289 

4000 

1  219 

7  00 

12.97 

1 .1(6 

3.63 

0.356 

5000 

1.524 

22.0 

40.77 

2.32 

4.30 

0.354 

6000 

1.829 

28.5 

52.82 

2.74 

5.08 

0.361 

7000 

2.134 

31.0 

57.45 

3.15 

5.84 

0.365 

8000 

2.438 

34.0 

63  01 

3  55 

6.58 

0.371 

9000 

2.743 

17.5 

32.43 

3.92 

7.26 

0.378 

10000 

3.048 

19.5 

36  14 

4.25 

7.88 

0.387 

11000 

3.353 

21.5 

39.84 

4.58 

8.49 

0.395 

12000 

3.658 

22.5 

41.70 

4.90 

9.08 

0.403 

13000 

3.962 

26.5 

49  11 

5.22 

9.67 

0.410 

14000 

4.267 

31.5 

58.38 

5.54 

10.27 

0.416 

15000 

4  572 

30.0 

55.60 

5. 86 

10  86 

0.421 

16000 

4.877 

34.5 

63.93 

6.18 

11.45 

0.426 

17000 

5.182 

34.0 

63.01 

6.48 

12.01 

0.431 

18000 

5.486 

38.0 

70.42 

6.80 

12.60 

0.436 

19000 

5.791 

39.0 

72  27 

7.10 

13.16 

0  440 

20000 

6.096 

35.0 

64.88 

7.40 

13.71 

0  445 

25000 

7.620 

44.0 

83  21 

8.&5 

18.40 

0  465 

30000 

9.144 

53.8 

99.70 

10.3 

19. 0C 

0  481 

35000 

10.668 

64.9 

120.27 

11.6 

21.50 

0.495 

40000 

12.192 

81.7 

151.41 

13.0 

24. 09 

0.507 

45000 

13.716 

104 

192.73 

14.4 

26.89 

0  515 

50000 

15.240 

132 

244.63 

15.8 

29.28 

0  522 

55000 

16  764 

168 

311.34 

17.1 

31.69 

0.528 

60000 

18.288 

214 

396.58 

18.5 

34.28 

0.533 

100000 

30.48 

282 

485.54 

29.9 

55.41 

0.550 

200000 

60.96 

274 

507.77 

59.3 

109.89 

0  551 

m 

0» 

CO 

CO 

— 

— 

0.551* 

•  Attenuation  length  h(r)  was  recorded  continuously  as  a 
function  of  altitude  from  6.096  km  to  0.305  km  during  descent 
of  airplane  at  305  m  per  min,  with  the  zero  altitude  value  re¬ 
corded  simultaneously  in  an  instrumented  van  beneath  the 
flight  pattern.  These  data  are  shown  in  Fig.  6.1.  Attenuation 
lengths  above  6.096  km  are  extrapolated,  using  density  ratios 
calculated  from  Minsner  et  at.  (1959). 

•  The  quantity  1/Z(«)  is  equal  to  Eiterman’s  mean  attenuation 
coefficient  K,(k),  and  the  two  quantities  t/L(z)  and  K,(h)-h> 
may  be  used  interchangeably  in  Eq.  (6.1 ).  See  Elterman  ( 1963), 

•  The  value  of  */£(*)  where  z  ■  ®  was  calculated  *rt»m  the 
sea  level  to  space  transmittance  obtained  from  measured  ami 
extrapolated  attenuation  length  data. 


is  the  log  of  this  ratio.  As  an  example,  it  is  desired 
to  find  the  beam  transmittance  between  5000  ft  (1.52 
km)  and  60,000  ft  (18.3  km)  for  a  path  of  sight  with  a 
zenith  angle  of  60°  or  120°.  The  transmittance  curve 
for  8  =  60°/120°  indicates  transmittances  as 

T, <#£(60,000,  120°)  =  0.345, 

TVooifSOW,  120°)  =  0.493. 

Then  the  ratio  of  these  two  is 
'/’iW.OO.OOO,  l2O“)/T.,,.^500,  120°)  =  Tm.mi 60,000,  120°) 

-  0.345/0.493 
*  0.700. 

This  is  the  beam  transmittance  between  60,000  ft 
(18,3  km)  and  5000  ft  (1.52  km)  either  upward  or 
downward  for  a  path  of  sight  with  a  zenith  angle  of 
either  60°  or  120°.:  To  determine  this  graphically 
from  Fig.  6.3,  the  horizontal  distance  between  the 
intersections  of  the  8  =  60°/120°  transmittance  curve 
with  the  5000-It  (1.52-km)  and  60,000-ft  (18.3-km) 
altitude  abscissas  is  transferred  to  the  horizontal  base 
line  (preferably  with  dividers)  with  the  left  end  of 
the  interval,  or  difference,  placed  at  the  100%  trans¬ 
mittance  point,  and  the  right  end  of  the  interval  will 
indicate  the  beam  transmittance  in  question  on  the 
base  line. 


Path  Luminance 

Tables  6.2  through  6.6  give  the  sky  luminances  for 
inclined  paths  of  sight  ranging  from  the  vertically  up¬ 
ward  (zenith  angle  0°)  to  horizontal  (zenith  angle  90°), 
at  azimuths  with  respect  to  the  sum  of  0°,  45°,  90°, 
135°,  and  180°.  For  these  paths  of  sight,  sky  lumi¬ 
nance  and  path  luminance  are  numerically  equal,  since 
the  stellar  contribution  to  the  apparent  luminance 
of  the  daytime  sky  is  negligible.  Tables  8.7  through 
6.11  give  the  path  luminances  for  paths  of  sight  ranging 
from  directly  downward  (zenith  angle  180°)  to  5°  below 
the  horizontal  (zenith  angle  9.5°)  for  the  same  azimuths 
of  0°,  45°,  90°,  135°,  and  189°.  In  Tables  6.2  through 
6.6,  the  luminances  are  for  paths  of  sight  from  the 
observer’s  altitude  to  outer  space. 

In  Tables  6.7  through  6.11,  the  path  luminances 
are  for  paths  of  sight  from  the  observer’s  altitude  to 
sea  level,  the  length  of  the  path  indicated  by  the 
subscript  r  equals  z  seed  [see  Duntley  et  al.,  (1957), 
p.  501  j.  The  increase  in  the  length  of  the  path  of 
sight  resulting  from  the  curvature  of  the  earth  is  less 
than  5%  in  all  cases  except  8  =»  95°.  When  8  »  95°, 
the  path  of  sight  from  60,000  ft  (18.3  km)  is  increased 
by  earth  curvature  by  25%.  Accordingly,  the  path 
luminances  for  that  zenith  angle  were  not  extrapolated 
above  20,000ft  (6.1  km'.. 

Table  6.12  lists  the  ratios  of  the  pressure  at  various 
altitudes  z  to  the  pressure  at  20,000  ft  (6.1  km).  These 
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Tablt  6.2.  Sky  Luminance  B(z,  0, 0°), 1  Upper  Sky,  in  Azimuth  of  Sun1 


Altitude,  i 

6ky  luminance  (ft  by  for  zenith  angle  04.r./ 

(ft) 

(kin) 

0  =  0“ 

15“ 

30“ 

60“ 

75“ 

80“ 

85“ 

90° 

* 

0 

0 

950 

1300 

3000 

3850 

3500 

4350 

4600 

4600 

1000 

0,305 

820 

1200 

2500 

3400 

3400 

3,500 

3600 

4000 

- 

2000 

0.610 

680 

1180 

2250 

3200 

2900 

3100 

3200 

3300 

e 

£ 

3000 

0.914 

600 

1150 

2050 

3100 

2650 

2750 

2920 

3600 

4000 

1.219 

530 

1120 

1900 

3000 

2400 

2500 

2700 

3500 

, 

5000 

1.524 

510 

lion 

1810 

2900 

2200 

2300 

2530 

3300 

* 

0000 

1.829 

490 

10S0 

1720 

2850 

2010 

2150 

2400 

3200 

7000 

3. 134 

475 

1050 

1650 

2800 

1900 

2000 

2300 

3100 

8000 

2.438 

465 

1000 

1620 

2750 

1820 

1920 

2220 

2980 

9000 

2.743 

450 

950 

1590 

2650 

1780 

1880 

2180 

2850 

10000 

3.048 

420 

900 

1530 

2550 

!':■$) 

1810 

2100 

2800 

1 l(KX> 

3.353 

390 

840 

1500 

2480 

169C 

1770 

2050 

2750 

12000 

3.658 

365 

780 

1460 

2390 

1050 

.1710 

2000 

2700 

13000 

3.962 

345 

725 

1430 

2300 

1610 

1680 

19&0 

2650 

14000 

4.267 

325 

680 

1490 

2250 

1590 

1650 

1930 

2650 

15000 

4.572 

305 

625 

1390 

2190 

1580 

1610 

1900 

2600 

16000 

4.877 

289 

582 

1380 

2120 

1550 

1590 

1890 

2600 

17000 

5. 1 82 

272 

539 

1350 

2090 

1530 

1570 

1850 

2550 

18000 

5.486 

260 

495 

1330 

2020 

1520 

1550 

1830 

2550 

; 

19000 

5.791 

248 

458 

1320 

2009 

1.500 

1520 

1810 

2550 

20000 

6.096 

236 

420 

1300 

1500 

1500 

1810 

2.550 

|  *  Parenthetical  symbols:  photometer  altitude  z,  zenith  angle  0,  and  '  cable  to  table. 

\  *  Average  zenith  angle  of  aun  during  flight  was  41.5“ 

'  The  tabulated  value  in  ft-L  times  3.420  gives  the  valte  in  cd/rr.*. 

\  4  Sky  luminances  were  recorded  by  airborne  equipment  during  descent,  at  five  altitudes:  20,000,  8500,  7000,  4000,  and  1000  ft. 

Simultaneous  records  were  made  in  instrumented  van.  The  data  for  the  different  azimuths  and  zenith  angles  were  plotted  against 
j  altitude  and  interpolated  graphically  so  that  the  tabulated  values  could  be  read  from  the  graphs. 

•  Extrapolated  path  luminances  for  an  observer  above  20,000  ft  may  be  calculate'!  as  the  products  of  20,0G0-ft  values  and  appropriate 
|  pressure  ratio  from  Table  6.12.  This  assumes  that  the  character  of  the  aen  sol  at  20,000  ft  and  above  is  unchanged,  and  that  the  total 
number  of  scattering  particles  in  a  vertical  path  of  sight  above  20,000  ft  is  proportional  to  the  pressure. 


'  Sky  luminances  at.  zenith  angle  of  45°  were  near  the  sun,  exceeded  the  range  of  photometer,  and  hence  are  not  available. 


ratios  can  be  used  for  extrapolating  the  path  lumi¬ 
nances  listed  in  Tables  6.2  through  6.6  altove  20,000 
ft  (6.1  km). 

The  following  equation  describes  the  apparent  lumi¬ 
nances  of  an  object  seen  through  the  atmosphere  [see 
Duntley  etal.  (1957),  Eq.  1,  p.  500] 

=  Bo (z,fl,v>)  TAzfi)  4-  «*(*,»,*>)■  (6.2) 

From  this  equation  it  can  be  seen  that  the  path  lumi¬ 
nance  B*r  ( z,6,tp )  is  equal  t  >  the  difference  between 
the  apparent  luminance  B,{z,B.<f)  a.  1  the  product 
of  the  inherent  luminance  B0{z,B,if>)  and  the  beam 
transmittance  Tr(z,B).  Hence,  in  alt  cases  the  path 
luminance  for  a  path  of  sight  between  two  altitudes  is 
the  difference  between  the  path  luminance  at  the  ob¬ 
server’s  altitude  (obtained  from  the  appropriate  tabic) 
and  the  product  of  the  path  of  sight  beam  transmit¬ 
tance  and  the  path  luminance  at  the  object  altitude. 

Example 

Consider  a  path  of  sight  at  45°  from  the  azimuth 
of  the  sun  and  inclined  downward  at  s  zenith  angle 
of  120°.  The  path  luminance  between  5000  ft  (1.52 
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km)  and  60,000  ft  (18.3  km)  is  the  difference  between 
the  measured  path  luminance  at  60,000  ft  (18.3  km) 
and  the  product  of  the  beam  transmittance  of  the 
path  of  sight  from  .5000  ft  (1.52  km)  to  60,000  ft  (18.3 
km)  and  the  measured  path  luminance  at  .5000  ft 
(1.52  km).  In  Table  6.8,  for  azimuth  of  4-45°,  -he 
path  luminance  for  (50,000  ft  (18.3  km)  and  i:  .onith 
angle  of  120°  is  listed  as  1230  ft-L  (421?  cd/m1). 
The  same  table  gives  the  corresponding  path  lumi¬ 
nance  for  .5000  f»  (1.52  km)  as  444  ft-L  (1522  cd/m1). 
The  beam  transmittance  for  the  path  of  sight  previously 
determined  is  0.700.  Hence  the  path  luminance  for 
the  downward-looking  path  of  sight  between  the 
60,000-ft  (18.3-km)  and  5000-ft  (1.52-km)  altitudes  is 

BVWeO.OOO,  120%  45°)  -  1230 -(444)  (0.700)  -  919  ft-L 

*  4212  -  (1522)  (0.700)  -  3148  cd/m*. 

This  is  the  quantity  denoted  by  B*t(z,B,<?)  in  Eq.  (6.2). 

Apparent  Luminanca  of  an  Objoct 

Once  the  beam  transmittance  and  path  luminance 
have  been  found  for  the  assumed  path  of  sight,  the 


f 


Table  6.3. 

Sky  Lumlnanca  B(z,  9,  ±45°), 

Upper  Sky,  4S®  from  Azimuth  of  Sun'- 

Altitude 

(ft) 

Sky  luminance  (ft-L,- 

for  zenith  angle  9* 

« 

9  =  15° 

30° 

•15° 

60® 

75° 

80° 

85“ 

90® 

0 

1180 

1410 

1700 

1740 

2000 

3100 

3220 

2400 

1000 

1030 

1230 

1550 

1520 

2080 

2220 

2520 

2400 

2000 

020 

1100 

1350 

1320 

1780 

1000 

2380 

2400 

:tooo 

810 

085 

1280 

1260 

1530 

1740 

2100 

2400 

4000 

725 

900 

1060 

1040 

1300 

1580 

1980 

2400 

5000 

078 

SOO 

10(KI 

080 

1290 

1510 

1900 

2340 

6000 

045 

033 

005 

045 

1230 

1460 

1830 

2290 

7000 

010 

810 

030 

020 

1200 

1400 

1780 

2220 

8000 

000 

705 

880 

870 

1180 

1350 

1730 

2200 

0000 

580 

770 

840 

840 

1130 

1310 

1090 

2150 

10000 

550 

730 

SOO 

SOO 

1000 

1270 

1040 

2110 

11000 

530 

090 

705 

705 

1050 

1220 

1000 

2090 

11>(!00 

500 

055 

735 

735 

1010 

1180 

1550 

2000 

13000 

480 

020 

700 

700 

900 

1130 

1510 

2020 

14000 

455 

580 

075 

075 

920 

1100 

1400 

2000 

15000 

432 

550 

045 

045 

880 

1060 

1420 

1980 

1G000 

412 

515 

020 

020 

840 

1020 

1380 

1970 

17000 

300 

485 

500 

590 

800 

980 

1330 

1950 

18000 

370 

455 

570 

570 

770 

940 

1290 

1940 

19000 

352 

430 

545 

545 

730 

900 

1230 

1930 

20000 

332 

400 

530 

530 

700 

870 

1200 

1920 

ggg  footnotes  to  Table  3.2. 

Table  $.4.  Sky  Luminance  B(z,  9,  ±90°), •  Upper  Sky,  90®  from  Azimuth  of  Sun1 

Altitude 

(ft) 

Sky  luminance  (ft-L){  for  zenith  angle 

9  -  15® 

30® 

45® 

60® 

75° 

80° 

85® 

90° 

0 

925 

910 

990 

mo 

1580 

1850 

2090 

1450 

1000 

780 

740 

780 

875 

1200 

1380 

1630 

1500 

2000 

645 

615 

600 

740 

1080 

1290 

1600 

1560 

3000 

545 

530 

570 

660 

1000 

1270 

1580 

1600 

4000 

475 

470 

495 

600 

930 

1260 

1520 

1660 

5000 

450 

435 

470 

575 

900 

1250 

1500 

1680 

6000 

430 

410 

445 

555 

880 

1220 

1480 

1700 

7000 

410 

395 

425 

545 

SOO 

1190 

1450 

1730 

8000 

400 

385 

410 

530 

810 

1030 

1410 

1760 

0000 

380 

365 

395 

510 

775 

950 

1370 

1800 

10000 

302 

345 

380 

490 

750 

920 

1330 

1810 

11000 

345 

328 

360 

475 

715 

895 

1300 

1810 

12000 

328 

310 

345 

455 

695 

865 

1270 

1820 

13000 

310 

295 

330 

440 

670 

840 

1230 

1820 

14000 

295 

280 

312 

420 

645 

815 

1200 

1830 

15000 

280 

265 

300 

405 

025 

785 

1170 

1830 

16000 

202 

252 

283 

390 

005 

760 

1130 

1840 

17000 

250 

240 

270 

370 

590 

740 

1100 

1840 

18000 

235 

230 

256 

350 

570 

720 

1000 

1S50 

19000 

222 

219 

242 

335 

555 

700 

1030 

1850 

20000 

210 

210 

232 

320 

540 

680 

1000 

18(H) 

See  footnotes  to  Table  6.2. 


apparent  luminance  ,Ji,{z,9,<?)  of  an  object  having  an 
inherent  luminance  of  tBo{z,,9,<p)  can  be  readily  pre¬ 
dicted  with  the  aid  of  Eq.  (6.2). 

If  an  airc  raft  flying  at  an  altitude  of  5000  ft  (1.52  km) 
has  an  inherent  luminance  of  2500  ft-L  (8530  cd/m1) 
in  the  direction  of  the  path  of  sight,  its  apparent 
luminance  at  the  upper  end  of  the  path  is 


<«iio.ot>( 00,000,  120°,  45®)  =  (2500)  (0.700)  +  010  =  2000  ft-h 
-  (8530)  (0.700)  +  3148  =*  0140  cd/m*. 

It  if  interesting  to  note  that  if,  ir.  this  case,  the 
object  had  an  inherent  luminance  of  3063  ft-L  (10,. >00 
cd/n;’),  its  apparent  luminance  would  also  be  3063  ft-L 
(10,500  cd/rn*);  this  is  the  effective  equilibrium  lumi- 
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Table  6.5.  Sky  Luminance  HU,  8,  ±135°),“  Upper  Sky,  135°  from  Azimuth  of  Sun'' 

Altitude 

Sky  luminance  (ft-L)r  for  zenith  .'iiikIc  (P* 

(ft) 

8  -  15" 

30° 

45° 

00° 

75° 

■S0° 

85° 

00° 

ii 

0(H) 

040 

000 

880 

1450 

1721) 

1080 

1470 

1000 

010 

500 

520 

740 

1220 

1410 

1820 

1570 

2000 

510 

500 

530 

075 

1120 

1110 

1700 

lfif!) 

ISO 

150 

400 

030 

1060 

1300 

1780 

1720 

•1000 

•I  10 

UK) 

450 

505 

)  (MM) 

1200 

1780 

1780 

5000 

•115 

3X2 

435 

580 

075 

J280 

1770 

1780 

0000 

305 

350 

no 

570 

050 

1270 

1720 

1700 

7000 

375 

355 

41K) 

560 

040 

12(H) 

1690 

1800 

SIMM) 

370 

310 

305 

540 

010 

1200 

1600 

1800 

0000 

35N 

335 

380 

520 

880 

11(H) 

1560 

i960 

10000 

310 

310 

300 

405 

860 

1130 

1550 

2000 

1 1000 

323 

302 

342 

•575 

810 

1110 

1520 

2020 

12000 

300 

2X0 

325 

400 

815 

109O 

1500 

2050 

13000 

200 

275 

310 

110 

7*10 

1060 

14.80 

21(H) 

1 1000 

272 

200 

202 

.-") 

780 

1030 

1460 

2110 

15000 

251 

248 

270 

400 

740 

1000 

1430 

2130 

idOOO 

240 

235 

262 

3S0 

715 

080 

1410 

2160 

17000 

222 

222 

248 

365 

000 

050 

1390 

2100 

IS000 

200 

210 

233 

348 

665 

020 

1360 

2200 

19000 

104 

108 

220 

330 

615 

805 

1340 

2220 

20000 

185 

ISO 

210 

315 

625 

S05 

1320 

2280 

See  footnotes  to  Table  (5.2. 


Altitude 

(ft) 


Table  6.6.  Sky  Luminance  HU,  8, 110“), «  Upper  Sky,  100°  from  Azimuth  of  Sun'' 

Sky  lutninnnie  (ft-L)e  for  zenith  un^le  8'1  • 


ti.e.i.i  gee  footnotes  to  Table  G.2. 

nance  for  this  path  o'  sight  (Duntloy  cl  «/.,  lt).">7).  If, 
however,  the  object  had  an  inherent  luminance  greater 
than  3063  ft-L  (10,500  cd/m*),  the  apparent  lumi¬ 
nance  would  be  redact'd  by  this  path  of  sight.  Thus 
an  object  having  an  inherent  luminance  of  4000  ft-L 
(13,700  cd/m*)  will  have  an  apparent  luminance  of 
only  3719  ft-L  (12,740  cd/m*),  since  the  1200  ft-L 


(4112  cd/m2)  loss  of  transmitted  inherent  luminance 
exceeds  the  919  ft-L  (3148  cd 1  m2)  path  luminance  gain. 

Apparent  Contrast 

Because  the  detectability  of  any  given  bject  de¬ 
pends  on  its  apparent  contrast,  the  illustrative  example 
from  the  preceding  paragraph  should  be  extended  to 
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Table  6.7.  Path  Luminance  B%{e,  9,  0°),a  Lower  Sky,  In  Azimuth  of  Sun1 


Altitude' 

(ft) 

Path  luminance  (ft-I,)'1 

for  zenith  angle  9'./ 

9  »  180° 

165° 

150° 

135° 

120° 

105° 

100° 

95° 

1000 

60.9 

60.9 

81  8 

88.7 

123 

223 

398 

700 

2000 

134 

132 

158 

163 

214 

461 

727 

1140 

3000 

192 

204 

229 

236 

198 

676 

998 

1400 

4000 

233 

259 

298 

305 

371 

868 

1210 

1590 

5000 

264 

281 

318 

340 

414 

973 

1300 

1690 

6<XX> 

291 

301 

344 

381 

469 

1070 

1390 

1780 

7000 

313 

327 

377 

434 

545 

1180 

1470 

1890 

8000 

341 

366 

419 

496 

671 

1290 

1530 

2020 

9000 

367 

388 

445 

531 

732 

1360 

1580 

2110 

10000 

388 

399 

459 

545 

749 

1380 

1610 

2141) 

15000 

184 

457 

532 

610 

823 

1510 

1780 

2310 

20000 

603 

510 

604 

672 

896 

1660 

1980 

2500 

25000 

710 

557 

674 

731 

967 

1790 

2150 

30000 

70S 

596 

731 

779 

1020 

1890 

2270 

40000 

928 

653 

SIS 

848 

1110 

2040 

2440 

50000 

1010 

689 

867 

891 

1150 

2120 

2540 

60000 

1060 

710 

899 

917 

1180 

2170 

2590 

“  Parenthetical  symbols:  photometer  altitude  t,  zenith  angle  9,  and  azimuth  applicable  to  table 

1  Average  zenith  angle  of  sun  during  flight  41.5°. 

*  In  using  these  tables,  it  has  been  found  that  above  10,000  ft  altitude  increments  of  5000  ft  and  10,000  ft  are  satisfactory. 

J  The  tabulated  value  in  ft-L  times  3.420  gives  the  value  in  cd/m*. 

*  Path  luminances  from  0  to  20,000  ft  altitudes  for  zenith  angles  from  95°  to  180°  were  calculated  as  follows:  (1)  Path  functions 
for  1000  ft  altitude  B»  (1000, 9, </>)  were  calculated  from  flight  data  and  Kq.  10  of  Duntley  et  al.  (1957).  (2)  Path  functions  for  sea  level 
R «  (0,9,<p)  were  recorded  in  the  van.  (3)  Path  luminances  for  first  1000  ft  altitude  B*  (1000 ,9,<p)  were  calculated  by  means  of  Eq.  17 
of  Duntley  et  al.  (1957).  (4)  Inherent  background  luminances  (groundcover  luminances)  bRo  (0 ,#,»>)  were  calculated  by  means  of  Eq. 
(6.2).  See  Eq.  4  of  Duntley  et  al.  (1957).  (5)  Path  luminances  for  other  than  first  1000-ft  altitude  were  calculated  by  means 
of  Eq.  (6.2). 

f  Path  luminances  for  altitudes  above  20,000  ft  were  extrapolated  as  follows:  (1)  Path  functions  for  20,000  ft  (20,000,9, <p)  were 
calculated  from  flight  data  and  Eq.  10  of  Duntley  et  al.  ( 1957).  (2)  Path  functions  above  20,000  ft  B *  (z,9,*>)  were  calculated,  in  100-ft 
increments,  in  proportion  to  atmospheric  density.  (3)  Path  luminances  above  20,000  ft  B*  (z,9,*>)  were  calculated  by  means  of  Eq. 
17  of  Duntley  et  al.  (1957). 


illustrate  the  calculation  of  the  apparent  contrast  at 
the  end  of  the  path  of  sight. 

Example 

Let  it  be  assumed  that  the  low-flying  aircraft  appears 
against  a  uniform  groundcover  of  small,  fairly  closely 
spaced  pine  trees  on  flat  terrain.  This  was  the  type 
of  groundcover  over  which  Flight  74  took  place. 
Table  3.2  gives  the  directional  luminous  reflectance 
of  this  groundcover  as  seen  from  the  assumed  direc¬ 
tion  ( 6  —  120°;  <p  =  45°)  as  0.021.  During  Flight  74 
the  illumination  on  a  fully  exposed  horizontal  plane 
at  ground  level  was  measured  as  5940  lm  ft-2  (64,200 
lm/ml).  Thus  the  inherent  luminance  of  the  ground- 
cover  is  (5940)  (0.021)  =  125  ft-L  (428  cd/m2).  Equa¬ 
tion  (6.2)  can  now  be  used  with  the  transmittance 
from  Fig.  6.3  (previously  determined  to  be  0.345) 
and  the  path  luminance  from  Table  6.8  (previously 
determined  to  be  1230  ft-L;  4212  cd/ms)  to  calculate 
the  apparent  luminance  of  the  background  against 
which  the  aircraft  appears.  Thus,  as  seen  from  an 
altitude  of  60,000  ft  (18.3  km),  the  apparent  luminance 
of  the  background  is 


ifl12o.ooo(60,000,  120°,  45°)  =  (125)  (0.340)  +  1230  =  1273  ft-L 
=  (428)  (0.345)  +  4212  =  4360  cd/m- 

and  the  apparent  contrast  of  the  low-flying  aircraft 
against  the  pine-covered  terrain  as  seen  from  60,000 
ft  is 

C'no.wo(60,000,  120°,  45°)  =  (2669  -  1273)/1273  =  1.097. 

Inherent  Contrast 

The  inherent  contrast  of  the  low-flying  aircraft 
against  the  same  groundcover  can  be  found  by  using 
the  inherent  luminance  of  the  aircraft  and,  as  the  back¬ 
ground  luminance,  the  apparent  luminance  of  the 
groundcover  as  seen  from  5000  ft  (1.52  km)  along  the 
assumed  directional  path  of  sight. 

Example 

The  inherent  luminance  of  the  groundcover  has 
been  determined  as  125  ft-L  (428  cd/m2).  The  beam 
transmittance  for  the  appropriate  path  of  sight  has 
already  been  determined  as  0.493.  Table  6.8  gives 
the  path  luminance  for  the  assumed  path  of  sight  as 
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Table  6.8.  Path  Luminance  !<?(;,  f),  ±45°), "  Lower  Sky,  45°  from  Azimuth  of  Sun'' 


Altitude** 

Path  luminance  fft-l.v'  fur  /.cintli  angle  0' ■’ 

(fo 

e  -  105° 

150° 

185°  12!.,’  105°  100’ 

05° 

».!>  t.i.tj  See  footnotes  to  Table  0.7. 

Table  6.9.  Path  Luminance  li'U,  ft,  ±90°),°  Lower  Sky,  90s  from  Azimuth  of  Sun'- 


Altitude 

l’ath  luminance  (ft-L)'1  for  zenith  angle  6"f 

(ft) 

e  =  165° 

150° 

135° 

120° 

105° 

100° 

95° 

1000 

69  7 

77.8 

82  S 

109 

203 

359 

595 

2000 

138 

156 

174 

226 

389 

562 

S33 

8000 

195 

226 

245 

325 

540 

722 

990 

4000 

238 

279 

298 

104 

665 

867 

1110 

5000 

268 

306 

339 

462 

744 

975 

1190 

6000 

293 

328 

372 

508 

810 

1090 

1260 

7000 

321 

344 

403 

549 

SSI 

1170 

1310 

8000 

351 

383 

439 

580 

932 

1190 

1380 

: 

9000 

376 

409 

463 

607 

963 

1240 

1410 

10000 

393 

426 

481 

628 

1000 

1270 

1450 

s 

15000 

179 

516 

571 

739 

1160 

1420 

1300 

! 

20000 

582 

609 

670 

8”3 

1310 

1580 

1800 

i 

25000 

675 

694 

759 

993 

1450 

1730 

i 

30000 

751 

763 

831 

1090 

1560 

1830 

I 

40000 

861 

864 

936 

1230 

1710 

1980 

f- 

50000 

934 

926 

1000 

1311 

IMX) 

2000 

60000 

976 

964 

1(110 

1370 

I860 

2100 

i 

See  footnotes  to  Table  6  7. 

444  ft-L 

(1522  cd/ni*).  Thus 

the  apparent 

lumi- 

path  luminance. 

Thus, 

contrast  has  been 

reduced 

nance  of  the  background  as  seen  from  .">000  ft  (J..V2  km) 
along  the  path  of  sight  would  be 

1«,o.mo(5000,  120°,  45°)  =  ( 125)  (0.493 1  +  144  =  500  ft-L 

=  (428)  (0.493)  +  1522  =  1750  oil  nr 

Then  the  inherent  contrast  of  the  low-flying  aiicraft 
would  be 

Co(5000,  120°,  45°)  =  (2500  -  50<i)/3U6  «  5.04 1 . 

Contrast  Transmittance 

In  the  preceding  illustration,  the  inherent  contrast 
of  3.941  has  been  reduced  to  1.097  by  atmospheric 
attenuation  of  the  optical  signal  and  the  addition  of 


by  the  factor 

' (M),000,  12(1°,  45° )/(’,/ 5000.  1211°.  I5°i  =  1.007/8.041 

•=  0.27S. 

The  ratio  of  the  apparent  contrast  to  the  inherent 
contrast.-  Cu(z,d.<j),  is  called  the  contrast 

transmit tanre.  It  is  also  computable  by  any  of  the 
three  following  equations; 

(’At.8, *)/(', (2,6,*)  =  Ta ,e,  y)A«K ((>.5) 

Ca,;.6,*),'('J2U$,*)  -=  |l  +  It: i .-.e, *• )/ 7\t \H<* r.C,  *>  )|  - ' , 

Hl4) 

CA:,8,*)  (V;,.e.vi  =  1  -  iHa:. <*.v*>  (4i5> 
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Tabl*  6.10.  Path  Luminance  11% t,  0,  ±135°),“  Lower  Sky,  135'  from  Azimuth  of  Sun1 


Altitude'' 

(ft) 

Path  liiimiiani'c  (ft-!.)'1  for  /.euitli  angle  $'•> 

0  =  165° 

150' 

135° 

120' 

105' 

100° 

95' 

1000 

93.4 

120 

137 

137 

336 

480 

693 

2000 

161 

207 

241 

282 

494 

677 

95 1 

3000 

2  IS 

278 

315 

385 

625 

813 

ll(M) 

4000 

259 

326 

575 

162 

729 

910 

1230 

5000 

092 

358 

414 

525 

S04 

1000 

1290 

6000 

323 

385 

440 

573 

885 

1090 

1310 

7000 

344 

401 

466 

609 

936 

1170 

14(H) 

8000 

364 

427 

197 

630 

1010 

1290 

1520 

0000 

395 

4.V* 

523 

052 

1140 

1390 

1650 

100(X) 

417 

485 

560 

694 

1170 

1450 

17(H) 

15000 

531 

620 

691 

861 

1350 

1660 

1910 

20000 

634 

721 

856 

995 

1470 

1780 

2050 

25000 

725 

818 

1000 

1120 

1590 

1890 

30000 

802 

895 

1130 

1220 

1670 

1980 

40000 

915 

1010 

1300 

1360 

1700 

2090 

50000 

986 

1080 

1410 

1440 

i860 

2150 

60000 

1030 

1120 

1480 

1490 

1900 

2180 

ggg  footnotes  to  Table  6.7. 

Table  Ml. 

Path  Lumfnanct  W*(z,  t),  110'),* 

Lower  Sky,  180'  from  Azimuth  of  Sun11 

Altitude' 

(ft) 

Path  luminance  (ft-L)*  for  zenith  angle  VJ 

e  =  ms' 

150° 

135° 

120' 

105' 

100° 

95' 

1000 

65.9 

94.3 

106 

144 

228 

485 

860 

2000 

138 

193 

227 

274 

496 

763 

1140 

3000 

198 

276 

327 

382 

682 

935 

1270 

4000 

241 

341 

407 

451 

815 

1040 

1330 

5000 

264 

364 

450 

512 

867 

1130 

1380 

6000 

285 

386 

484 

570 

920 

1230 

1450 

7000 

316 

417 

515 

617 

987 

1360 

1480 

8000 

387 

453 

539 

659 

1110 

1450 

1680 

9000 

448 

485 

558 

681 

1220 

1500 

1770 

10000 

472 

509 

583 

705 

1250 

1540 

1800 

15000 

575 

637 

721 

816 

1420 

1750 

2000 

20000 

699 

792 

867 

944 

1620 

1970 

2200 

25000 

816 

943 

997 

1060 

1810 

2170 

30000 

912 

1070 

1100 

1160 

1960 

2330 

40000 

1050 

1250 

1260 

1300 

2160 

2530 

50000 

1140 

1360 

1350 

1380 

2280 

2650 

60000 

1190 

1430 

1410 

1430 

2350 

2710 

gee  footnotes  to  Table  6.7. 


Example 

Equation  (6.3)  shows  that  the  contrast  transmittance 
may  be  calculated  from  the  beam  transmittance,  and 
the  inherent  and  apparent  background  luminances. 
The  beam  transmittance  has  been  determined  to  be 
0.700.  The  inherent  background  luminance,  that  is, 
the  background  luminance  used  in  the  determination 
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of  the  inherent  contrast,  bB jo.ooo  (5000,  120°,  45°), 
is  506  ft-L  (1733  cd/ms).  The  apparent  background 
luminance  as  seen  from  60,000  ft  (18.3  km)  is  1273 
ft-L  (4360  cd/m*). 

Accordingly, 


60,000,  120',  45')/Co(5000,  120°,  45°; 

=  (0.700)  (500)/1273  =  0.278. 


Initiation  (0.4 >  relates  t he  contrast  transmittance 
to  path  luminance,  lx -am  transmittance,  and  inheient 
background  luminance.  The  path  luminance,  previ¬ 
ously  detei mined,  is  919  ft-L  (3148  cd  'm:).  The 
heam  transmittance  and  inherent  background  lumi¬ 
nance  are,  as  befoie,  0.700  ft-L  and  506  ft-L  (1733 
cd/ms),  respectively.  Then  the  contrast  transmit¬ 
tance  is 

lit), (MM),  120°,  45°  )/Co(5000,  llio0,  45°) 

=  1/|1  +  919/(0.700)  (500)]  =  0.278. 

When  Ftp  (.6.5)  is  used  to  determine  the  contrast 
transmittance,  only  two  quantities  are  required: 
path  luminance  and  apparent  background  luminance. 
These  two  quantities  are  010  ft-L  (3148  cd/m*)  and 
1273  ft-L  (4360  cd/m4).  Then 

<’mM«.t<>o,oon,  i20°, ,  »5°)/tV50oo,  120°,  45°) 

-=  1  -  9)9/1273  =  i  -  0.722  =  0.278. 

It  is  highly  significant  and  important  to  note  that 
none  of  the  three  equations  used  to  calculate  the 
contrast  transmittance  involves  any  photometric 
property  of  the  object.  The  contrast  transmittance 
applies,  therefore,  to  any  object  which  may  appear 
against  the  prevailing  background  and,  for  this  reason, 
has  been  specified  as  the  universal  contrast  transmit¬ 
tance.  The  contrasts,  the  ratio  of  which  is  the  univer¬ 
sal  contrast  transmittance,  are  termed  universal  ap¬ 
parent  contrast  and  universal  inherent  contrast  to 
distinguish  them  from  other  forms  of  contrast,  e.g., 
p  or  (p  —  l)/(p  +  1),  which  do  not  share  this  useful 
property.  It  will  be  shown  in  Sec.  IX  that  visual  ob¬ 
ject  classification  techniques  are  possible  only  in  terms 
of  universal  contrast.  Throughout  this  article,  the 
word  “contrast"  denotes  jmivcrsal  coutrast;  all  other 
forms  of  contrast  are  specifically  identified  by  name, 
e.g.,  ratio  contiast  p  or  modulation  contrast  (p  —  1) ' 
( P  +  !)• 

The  contrast  transmittance  nomogram,  Fig.  6.4. 
constructed  by  Jacqueline  I.  (Jordon,  is  a  device  for 
solving  Eq.  (6.4)  graphically.  From  this  nomogram, 
one  can  quickly  determine  (a)  the  beam  transmittance 
for  a  horizontal  path  of  sight  from  the  attenuation 
length  and  range,  (b)  the  ratio  of  path  luminance  to 
beam  transmittance  from  the  two  separate  quantities, 
and  (c)  the  contrast  transmittance  from  this  ratio  and 
the  inherent  background  luminance. 

Upward  Paths  of  Sight 

The  foregoing  example  concerned  a  path  of  sight 
inclined  downward  with  a  zenith  angle  of  120°  and 
azimuth  of  45°.  Now  let  us  consider  the  reciprocal 
path  of  sight,  the  inclined  upward  path  of  sight,  with 
a  zenith  angle  of  60°  and  azimuth  of  —135°.  This 
would  be  the  path  of  sight  for  an  observer  in  the  low- 
flying  aircraft  looking  in  the  direction  of  the  aircraft 


table  6.12.  Pressure  Ratios,  Pressure  at  Altitude  z  to 
Pressure  at  20,000  ft 


Altitude 

(ft) 

Ratio  of 
pressures* 

20,000 

1.000 

25,000 

0.808 

30,000 

0.047 

10,000 

0  404 

50,000 

0.250 

co.ooo 

0. 155 

'•  Putins  an;  fur  pressures  aiven  l).v  Mmzner  el  al.  (1959). 


at  60,000  ft  (18.3  km).  Again,  the  contrast  transmit¬ 
tance  can  be  calculated  by  Eqs.  (6.3),  (6.4),  or  (6.6). 

Example 

The  beam  transmittance  of  the  path  of  sight  as 
previously  determined  is  0.7(H).  The  inherent  back¬ 
ground  luminance,  the  product  of  the  20,000-ft  (6.1- 
km)  altitude  sky  luminance  from  Table  6.5  and  the 
60,000-lt  (18.3-km)  pressure  ratio  factor  from  Table 
6.12,  is  48.8  ft-L  (167  cd,  in2).  The  apparent  back¬ 
ground  luminance  is  road  directly  from  Table  6.5  as 
580  ft-L  (1085  cd  ms).  The  path  luminance  is  the 
difference  between  the  apparent  background  luminance 
and  the  attenuated  inherent  background  luminance, 
or  is  the  difference  between  580  ft-L  and  0.700  X 
48.8  ft-L,  which  is  545.8  ft-L  (1870  cd/m*).  Then 
the  contrast  transmittance  calculated  by  Eqs.  (6.3), 
(6.4),  and  (6.5),  respectively,  is 

(',!».««( .VMW,  <!0°,  - 1 3. J 0 )/<"’«,( 00,000,  00°,  — 135°) 

=  (0.700)  (48.S)/580  =  0.050, 

r,i„w5000,  00°,  -  135°)/(’o(<i0,000,  00°,  -135°) 

=  1/|1  +  545  8/(0.700)  (48.8)1  =  0.059. 

C, 5000,  00°,  -  135°)/C„(00,000,  00°,  -135°) 

=  1  -  545.8/580  -  0.059. 

Inasmuch  as  the  contrast  transmittances  apply  to 
specific  background  luminances,  the  two  factors  0.278 
and  0.059  calculated  in  the  foregoing  examples  may,  in 
accordance  with  Sec.  I  of  this  article,  be  written  as 

.«5no.dv(00.<MHI.  120°,  45°)  =  0  278  (path  inclined  downward), 
.5, . ,*(5000,  00°,  —135°)  =  0.059  (path  inclined  upward). 

Note  that,  although  the  beam  transmittances  for 
the  reciprocal  paths  of  sight  are  identical,  the  contrast 
transmittances  are  not.  This  is  because  the  path 
luminances  for  reciprocal  paths  of  sight  may,  and 
usually  do,  differ  greatly. 

.Material  as  developed  in  this  section  is  combined 
with  physiological  data  of  the  human  eye  and  other 
pertinent  data,  such  as  search  or  recognition  factors, 
in  the  treatment  of  visibility  problems.  How  this  is 
done  is  described  in  another  section  of  this  paper. 
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Abstract 


The  contrast  reducing  properties  if  any  path  of  sight  inclined  downward  through 
the  atmosphere  can  be  specified  b.>  a  single  dimensionless  number  analogous  to  a 
reflectance  and  called  the  directional  reflectance  of  the  path  of  bight  R  .  The  con¬ 
trast  transmittance  of  the  path  depends  soleh  upon  the  ratio  of  the  directional  path 
reflectance  to  the  inherent  directional  reflectance  of  the  background  ‘R  /'bRu),  Pre¬ 
viously  published  optical  atmospheric  data  derived  from  in-flight  measurements  have 
been  used  to  produce  tables  of  R*  for  two  clear-weat^r  conditions.  A  simple  nomo¬ 
graph  and  numerical  examples  are  included. 


INTRODUCTION 

Samples  of  the  data  needed  for  visibility  calculations  and  illustrations  of  their  use  are  provided  in 
previous  papers1  -2- 3  4  by  the  author  and  his  colleagues.  These  papers  include  tables  of  optical  atmos¬ 
pheric  data  for  visible  light  measured  from  an  instrumented  aircraft  on  two  typical  clear  days.  Methods 
for  using  those  data  to  calculate  the  contrast  transmittance  of  the  atmosphere  along  any  selected  path  of 
sight  are  illustrated  by  numerical  examples5  using  exact  equations6'7  *.  The  equations  use  the  ratio  of 
two  independent  quantities,  path  luminance  and  beam  transmittance,  to  specify  the  contrast  reducing  prop¬ 
erties  of  each  path.  Tables  of  that  ratio  could,  of  course,  be  made  but  a  more  useful  descriptor,  called  the 
directional  reflectance  of  the  atmospheric  path  of  sight  and  denoted  by  the  symbol  R*,  is  presented  in  this 
paper. 

The  ratio  of  R*  to  the  inherent  directional  reflectance  of  the  background  bRo  r1  lemine*  the  contrast 
transmittance  of  the  path  for  any  object  appearing  against  that  background.  Similarly,  the  ratio  of  R*  to 
the  average  directional  reflectance  R  of  a  bar  pattern  determines  the  modulation  transmittance  of  the  path 
for  that  bar  pattern.  Tables  of  R*  for  all  of  the  previously  published  samples  of  data*  2'5'4  are  given  and 
their  use  is  illustrated. 


CONTRAST  REDUCTION  BY  THE  ATMOSPHERE 

The  reduction  of  apparent  contrast  along  any  path  of  sight  through  the  atmosphere  is  discussed  in  ref 
erences  (1 )  and  (6).  The  concepts  and  equations  on  p.  655  of  reference  (1 )  show  that  the  spectral  litHdrssf 
transmittance  bTr(z,  0)  of  a  path  of  sight  of  length  r.  initiating  at  a  background  b  and  iefiMnatihf  of  4 
receiver  which  is  located  at  altitude  z  and  which  accepts  flux  from  a  direction  having  lantfd  angle  P  agff 


A 


*r77nqwn 


azimuth  <f>  relative  to  the  sun,  is 


bT,(z  ,9.6)=  ■  1+  [N*iz,0,0)/bNoU.0,0)Tr{z,0.  *>]  } 


where  bNo(zt,0,<£i  signifies  the  inherent  spectra!  radiance  of  the  background  located  at  altitude  z,  and 
observed  in  the  direction  0,<£  of  the  path  of  sight,  as  shown  in  Figure  1.  The  symbols  N*(z,0, <$)  and 
Tr(z,0, 6)  denote,  respectively,  the  spectral  path  radiance  and  spectral  beam  transmittance  of  the  path 
of  sight. 


A 

i-~Y 


HORIZONTAL  DISTANCE 

Fig.  1.  Illustrating  the  geometry  of  a  downward  inclined  path  of  sight  having  length  r,  zenith  angle 
6,  and  with  the  object  located  at  altitude  zt  measured  above  some  datum  plane,  often  mean 
sea  level.  The  observer  is  at  altitude  z. 


In  the  case  of  paths  of  sight  which  are  inclined  downward  {n^^n/2)  let  both  numerator  and  denomi¬ 
nator  of  the  term  within  the  square  brackets  in  equation  (1)  be  multiplied  by  n/H(zt,  -)  Tr(z,0,<£),  where 
H(zt,-)  is  the  spectral  irradiance  on  an  upward-facing  horizontal  plane  at  altitude  zt.  Then  equation  (1) 
becomes 

bTf(z,0,$)  =  |l  +  [*N;U.ff.^)/HUt,-)TrU.fl.^)]y/[»bNo(it.9.0)/HUt.-)]J  .  (2) 


DIRECTIONAL  REFLECTANCE 

The  denominator  of  the  eecond  term  on  the  right  in  eq.  (2)  can  be  written  bNo(zt,0,0)/  [  H(zt,-)/>rj . 

Vy  established  practice*  this  ratio  is  called  the  inherent  directional  spectral  reflectance  of  the  back¬ 
ground!  it  will  be  denoted  in  subsequent  equations  by  the  symbol  bR„(zt,  6,  <f>,  <f>')  where  6’  and  <f>'  rep¬ 

resent.  respectively,  the  zenith  angle  and  the  azimuth  of  the  outward  normal  vector  of  the  reflecting  surface. 

The  factor  ir  it  inserted  in  the  definition  of  directional  reflectance  in  accordance  with  established 
practice*  and  to  conform  with  existing  bodies  of  published  data,  including  references  (1)  and  (2),  rather 


than  for  any  truly  fundamental  reason.  For  example,  reference  (9)  states  that  "the  luminance  of  an  imper¬ 
fectly  diffusing  surface  may  be  compared  with  the  luminance  of  a  perfectly  reflecting,  perfectly  diffusing 
surface  which  is  sirriariy  illuminated.  The  ratio  of  these  luminances  is  a  quantity  which  frequently  dif¬ 
fers  from  luminous  reflectance.  The  corresponding  ratio  of  radiances  of  surfaces,  for  homogeneous  inci¬ 
dent  radiant  energy  and  for  the  same  spatial  conditions  of  irradiation  and  observation,  may  be  called 
directional  spectral  reflectance." 

Thus,  directional  spectral  reflectance  has  been  defined  with  reference  to  the  properties  of  a  perfectly 
reflecting,  perfectly  diffuse  reflector.  For  a  flat  surface  of  this  type  the  total  spectral  radiant  flux 
reflected  per  unit  of  area  is  found  by  integration  to  be  n  times  the  radiance.  It  is  the  convenient  but  un¬ 
necessary  conceptual  involvement  of  a  perfectly  reflecting,  perfectly  diffuse  reference  surface  in  the 
definition  of  directional  spectral  reflectance  that  requires  the  factor  n  to  be  inserted  in  both  numerator 
and  denominator  of  the  second  term  on  the  right  in  equation  (2).  It  is  an  attractive  consequence  that  the 
directional  spectral  reflectance  of  new  fallen  snow  approaches  unity  whenever  such  snow  approximates  a 
perfectly  reflecting,  perfectly  diffuse  reflector.*  t 

It  is  important  to  note  that  directional  spectral  reflectance  is  a  dimensionless  ratio  which  character¬ 
izes  the  reflecting  surface  in  some  specified  direction  of  observation  and  under  a  specific  lighting 
condition. 

PATH  REFLECTANCE 

The  numerator  of  the  second  term  on  the  right  in  equation  (2)  has  the  form  of  a  directional  spectral  re¬ 
flectance  except  for  the  dimensionless  factor  Tr(z,  6,  0).  Let  the  numerator  of  the  second  term  on  the  right 
in  equation  (2)  be  symbolized  by  R*  (z,  6. 0)  and  let  it  be  called  the  directional  spectral  reflectance  of  the 
path  of  sight  through  the  atmosphere  or,  briefly,  “ directional  spectral  path  reflectance."  Equation  (2) 
can  now  be  written 

-l 

bTr(z,0,0)  =  •  1  +  [R*(z,0,0)/bRo(zt,0,0)  •  (3) 

where,  by  definition, 

R;(z,0,0)  =  .-N;<z,0,0)/H(zt)  Tr(z,  9, 0).  (4) 

*  The  directional  luminous  reflectance  of  newly  fallen  snow  is  ordinarily  nearly  1.0  when  viewed  from  any  direction 
unless  the  incident  illumination  is  nearly  grazing  incidence.  Similarly,  the  directional  reflectance  of  most  matte 
black  surfaces  is  approximately  0.04.  Glossy  surfaces  may  however,  have  directional  reflectances  greatly  in  ex¬ 
cess  of  1.0  in  certain  directions.  An  extreme  case  of  gloss  is  a  perfectly  reflecting  plane  mirror;  it  may  have  a 
directional  reflectance  of  more  than  100,000  in  the  direction  in  which  sunlight  is  reflected  since  the  solar  lumi¬ 
nance  may  exceed  109  foot  iamberts  while  the  illuminance  on  the  mirror  produced  by  the  sun  and  sky  is  usually 
less  than  lO4  lumens  per  sq.  ft. 

?  If  the  factor  n  is  not  inserted  in  equation  (2)  the  equally  useful  but  numerically  different,  nameless,  dimension¬ 
less  ratio  of  spectral  radiance/'1  spectral  irradiance  appears;  in  deference  to  established  practice  (see  reference  9) 
this  ratio  should  not  be  called  directional  spectral  reflectance. 
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LUMINOUS  QUANTITIES 

The  foregoing  discussion  and  all  of  the  symbols  in  equations  (1)  through  (4)  refer  to  monochromatic 
light.  The  atmospheric  optical  data  in  references  (1)  through  (4),  however,  were  measured  by  means  of 
photoelectric  photometers  carefully  filtered  to  measure  luminance,  illuminance,  directional  luminous  re¬ 
flectance,  etc.  Under  ordinary  circumstances  equations  (1)  and  (2)  are  valid  approximations  for  use  in 
visibility  calculations  if  each  radiance  (N)  is  replaced  by  luminance  (8)  and  each  irradiance  (H)  by  illu¬ 
minance  (E)*  When  equations  (1)  through  (4)  are  used  in  visib.  ity  calculations  the  symbols  bR,  R*,  T, 
and  T  must  be  understood  to  represent  luminous  quantities. 


EFFECT  OF  PATH  REFLECTANCE  ON  CONTRAST  TRANSMITTANCE 

Contrast  transmittance  is  shown  by  equation  (3)  to  be  a  function  solely  of  the  ratio  of  the  directional 
reflectance  of  the  path  to  the  directional  reflectance  of  the  background.  Ordinarily,  path  reflectance  is 
affected  very  little  by  background  and  surround  properties;  it  depends  chiefly  on  the  atmosphere,  its  light¬ 
ing,  and  the  direction  of  the  path  of  sight.  Objects  and  most  non-self-luminous  backgrounds  have  direc¬ 
tional  reflectances  within  the  rather  narrow  range  0.8  to  0.04,  unless  they  have  prominent  gloss.  Even 
glossy  surfaces  often  have  directional  reflectances  within  this  range  except  in  the  direction  of  specular 
reflection.  Contrast  transmittance,  however,  can  vary  more  widely.  To  illustrate  this,  equation  (3)  has 
been  used  to  calculate  values  of  contrast  transmittance  for  two  background  directional  reflectances,  0.8 
and  0.04,  corresponding  respectively  to  a  "white”  and  a  "black"  background.  Decimal  values  of  path 
reflectance  from  0.001  to  100.0  have  been  assumed.  The  result  is  given  in  Table  1  and  Figure  2. 


Table  I.  Contrast  Transmittance 


Path 

Reflectance 

Black  Background 
hR  =  0.04 

White  Background 
. : Ra  =  0.80 

o  o 

0 

1. 

1, 

0.001 

0.975 

1. 

0.01 

0.800 

0.987 

0.1 

0.286 

0.889 

1.0 

0.0385 

0.445 

10.0 

0.00398 

0.0741 

100.0 

0.00040 

0.00794 

$  The  luminance  <B>  is  expressed  in  candles  per  unit  of  area;  if  lambert.  units  are  used,  the  rr  is  incorporated  in 
the  unit  and  should  not  appear  explicitly  in  the  equations. 
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PATH  REFLECTANCE 


s 

i 


Contrast  transmittance  is  always  0.50  whenever  the  directional  reflectances  of  path  and  background 
are  equal.  When  the  path  reflectance  (R* )  is  dominant,  contrast  transmittance  is  low,  but  when  background 
reflectance  (bRo)  dominates,  contrast  transmittance  is  high.  For  a  given  path  reflectance,  contrast  trans¬ 
mittance  improves  as  background  reflectance  increases;  this  gain  may,  however,  be  at  least  partially  off¬ 
set  by  a  concurrent  decrease  in  inherent  contrast.  § 

NOMOGRAM 


A  conceptually  valuable  graphical  representation  of  the  effect  on  contrast  transmittance  of  the  ratio 
(R*  /bR0)  of  the  path  reflectance  to  background  reflectance  is  provided  by  Figure  3.  It  is  a  nomogram 
which  represents  equation  (3)  and  consists  merely  of  a  diagonal  straight  line  drawn  across  a  sheet  of  2- 
cycle  by  2-cycle  log-log  graph  paper,  The  path  to  background  reflectance  ratio  is  entered  on  the  axis  of 
abscissa  and  contrast  transmittance  is  read  out  on  the  axis  of  ordinate. 

It  will  be  noted  that  when  R*  bRit  the  contrast  transmittance  is  0.50.  Small  values  of  the  ratio 
R*  /bRo  yield  high  values  of  contrast  transmittance,  and  vice  versa. 

PATH  TO-IACKGROUNO  CONTRAST  j 

I 

Directional  path  reflectance  and  directional  background  reflectance  can  be  combined  in  the  form  of  a 
contrast  and  denoted  by  bCJ(<,,d.  </#).  where  I 


bC *) 


RJU.O.tf) 

bRoU,,0,<£) 


-  1  . 


(5) 


§The  contruM  transmittance  of  any  path  of  night  is  the  name  for  every  object  which  may  appear  against  the 
specified  background. 


I 

? 

| 


A 
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2  3  4  6  6  7  8  910 


20  30  40  GO 


PATH/GROUND  RATIO  (Rr*(z,0,<£)/bRoU,,M) 


After  combining  with  equation  (3), 


JM  .9.*)=  2  +  bC't(z.e,<f>) 


When  the  background  directional  reflectance  is  greater  than  the  directional  reflectance  of  the  path,  the 
path/background  contrast  is  negative;  the  contrast  transmittance  then  exceeds  0.5.  No  particular  advantage 
or  convenience  seems  likely  to  arise  from  this  formulation.  Nevertheless,  a  scale  of  path/background  con¬ 
trast  has  been  added  along  the  upper  boundary  of  Figure  3. 
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PATH  REFLECTANCE  FOR  A  MEDIUM  SOLAR  ALTTITUDE 


Directional  luminous  path  reflectance  has  been  calculated  for  each  of  the  path  luminances  given  in 
Tables  6.7  through  6.11  in  Ref.  1.  The  results  are  presented  in  this  report  as  Tables  2  through  6. 

The  original  data  were  obtained  on  28  February  1956  during  a  flight  (No.  74)  of  an  instrumented  B-29 
aircraft  at  Eglin  Air  Force  Base,  Florida.  On  that  occasion  the  zenith  angle  of  the  sun  was  41.5°  and  the 
vertical  luminous  beam  transmittance  from  space  to  earth  T^fO.O)  was  0.576.®  The  nearly  uniform  terrain 
beneath  the  path  of  flight  had  small  pine  trees,  uniformly  spaced. 

Directional  reflectance  data  for  various  backgrounds  which  are  appropriate  for  use  with  the  path  re¬ 
flectances  in  Tables  2  through  6  can  be  found  in  Sect.  3  of  Ref.  1  and  in  Ref.  3. 

Values  of  illuminance  at  ground  level  are  given  in  both  English  and  metric  units  for  Flight  74  in  Table 
7A.  The  ratio  of  the  upwelling  to  the  total  downwelling  illuminance  is  0.034  for  the  horizontal  illumi¬ 
nances.  This  ratio  is  sometimes  called  albedo. 

Table  7A  gives  downweiiing  scalar  (non-directional)  illuminance  at  ground  level.  The  scalar  albedo 
just  above  the  surface  is  0.064.  Scalar  albedo  is  one  of  the  determinants  of  the  path  luminance  and  down- 
welling  illuminance;  see  reference  4.  It  is  usually  larger  than  the  horizontal  surface  albedo  since  the 
higher  directional  reflectances  at  the  near  horizontal  paths  of  sight  are  given  more  weight  in  the  integration,. 


Table  2.  Downward  luminous  path  reflectance  R*  (z,  0,0)  in  the  azimuth  of  the  sun. 

for  a  medium  solar  zenith  angle  (41.5°) 


Altitude  (z) 
(feet) 

180° 

Zenith  angle  0  (paths  of  sight  inclined  downward) 

165°  150°  135°  120°  105°  100° 

95° 

0 

1,000 

0.0109 

0.0109 

0.0148 

0.0163 

0.0234 

0.0477 

0.0959 

0.258 

2,000 

0.0272 

0.0270 

0.0330 

0.0358 

0.0524 

0.160 

0.361 

1.66 

3,000 

0.0432 

0.0464 

0.0538 

0.0598 

0.0894 

0.348 

0.889 

6.51 

4.000 

0.0549 

0.0617 

0.0739 

0.0826 

0.122 

0.534 

1.40 

12.6 

5,000 

0.0633 

0.0683 

0.0805 

0.0945 

0.141 

0.642 

1.68 

16.4 

6,000 

0.0702 

0.0736 

0.0878 

0.107 

0.162 

0.724 

1.86 

18.6 

7,000 

0.0760 

0.0804 

0.0968 

0.122 

0.190 

0.814 

2.03 

20.9 

8,000 

0.0832 

0.0905 

0.108 

0.141 

0.237 

0.913 

2.18 

24.0 

9,000 

0.0901 

0.0966 

0.116 

0.152 

0.262 

0.983 

2.33 

27.1 

10,000 

0.0962 

0.100 

0.121 

0.158 

0.274 

1.04 

2.51 

30.5 

15,000 

0.124 

0.119 

0.146 

0.186 

0.322 

1.29 

3.38 

48.7 

20,000 

0.158 

0.136 

0.170 

0.212 

0.367 

1.55 

4.31 

69.0 

25,000 

0.190 

0.152 

0.194 

0.237 

0.412 

1.82 

5.26 

30,000 

0.217 

0.165 

0.214 

0.259 

0.450 

2.04 

6.11 

40,000 

0.259 

0.186 

0.246 

0.292 

0.515 

2.44 

7.58 

50,000 

0.287 

0.199 

0.267 

0.314 

0.550 

2.68 

8.66 

60,000 

0.304 

0.208 

0.280 

0.328 

0.576 

2.85 

9.34 

’The  optical  thickness  t  of  the  atmosphere  at  ground  level,,  derived  from  measured  and  extrapolated  photopic  atten¬ 
uation  lengths  by  methods  described  in  reference  (1).  was  0.551.  The  optical  thickness  t  above  any  altitude  /  is 
related  to  the  vertical  beam  transmittance  iM(z,0)  from  space  to  that  altitude  by  the  relation  fjJz.O)  =  e-t. 
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Table  3.  Downward  luminous  path  reflectance  R*  (z,  9, 45)  at  45°  from  the  azimuth  of  the  sun, 

for  a  medium  solar  angle  (41.5°) 


Altitude  (z) 

(feet) 

Zenith  angle  6  (paths  of  sight  inclined  downward) 

165°  150°  135°  120°  105°  100° 

95° 

0 

1,000 

0.0154 

0.0186 

0.0202 

0.0244 

0.0554 

0.0865 

0.223 

2,000 

0.0325 

0.0383 

0.0422 

0.0598 

0.164 

0.344 

1.40 

3,000 

0.0500 

0.0593 

0.0664 

0.0994 

0.329 

0.746 

5.54 

4,000 

0.0636 

0.0764 

0.0861 

0.1 29 

0.474 

1.28 

10.4 

5,000 

0.0726 

0.0848 

0.101 

0.152 

0.564 

1.53 

14.1 

6,000 

0.0792 

0.0908 

0.114 

0.168 

0.632 

1.70 

16.4 

7,000 

0.0838 

0.0952 

0.124 

0.183 

0.660 

1.82 

18  2 

8,000 

0.0927 

0.108 

0.138 

0.214 

0.722 

1.98 

20.2 

9,000 

0.0999 

0.117 

0.149 

0.231 

0.773 

2.14 

22.9 

10,000 

0.105 

0.122 

0.156 

0.248 

0.827 

2.31 

25.7 

15,000 

0.129 

0.148 

0.185 

0.295 

1.09 

3.04 

40.5 

20,000 

0.157 

0.177 

0.218 

0.351 

1.38 

3.83 

58.0 

25,000 

0.183 

0.203 

0.248 

0.404 

1.65 

4.67 

30,000 

0.205 

0.226 

0.274 

0.450 

1.90 

5.41 

40,000 

0.239 

0.262 

0.314 

0.524 

2.30 

6.71 

50.000 

0.261 

0.285 

0.340 

0.569 

2.58 

7.64 

60,000 

0.275 

0.299 

0.358 

0.600 

2.77 

8.22 

Table  4. 

Downward  luminous  path  reflectance  R*  (z,  9, 90),  at  90°  from  the  azimuth  of  the  sun, 
for  a  medium  solar  angle  (41.5°) 

Altitude  (z) 
(feet) 

Zenith  angle  9  (paths  of  sight  inclined  downward) 

165°  150°  135°  120°  105°  100° 

95° 

0 


1,000 

0.0125 

0.0141 

0.0152 

0.0208 

0.0434 

0.0865 

0.204 

2,000 

0.0282 

0.0326 

0.0382 

0.0554 

0.135 

0.279 

1.21 

3,000 

0.0443 

0.0532 

0.0621 

0.0976 

0.278 

0.643 

4.60 

4,000 

0.0567 

0.0692 

0.C807 

0.133 

0.409 

1.01 

8.77 

5,000 

0.0651 

0.0775 

0.0942 

0.158 

0.491 

1.26 

11.6 

6,000 

0.0716 

0.0837 

0.104 

0.176 

0.548 

1.46 

13.2 

7,000 

0.0789 

0.0883 

0.114 

0.192 

0.608 

1.61 

14.5 

8,000 

0.0868 

0.0989 

0.125 

0.205 

0.659 

1.70 

16  4 

9,000 

0.0937 

0.107 

0.133 

0.217 

0.696 

1.83 

18.1 

10,000 

0.0988 

0.112 

0.140 

0.229 

0.752 

1.98 

20.7 

15,000 

0.125 

0.141 

0.174 

0.289 

0.991 

2.70 

33.7 

20,000 

0.155 

0.171 

0.212 

0.358 

1.22 

3.44 

49.7 

25,000 

0.184 

0.200 

0.246 

0.423 

1.47 

4.23 

30,000 

0.208 

0.224 

0.276 

0.481 

1.68 

4.92 

40,000 

0.246 

0.261 

0.322 

0.570 

2.04 

6.15 

50,000 

0.270 

0.285 

0.352 

0.629 

2.28 

7.02 

60,000 

0.285 

0.300 

0,372 

0.669 

2.45 

7.57 
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Table  5.  Downward  luminous  path  reflectance  R*  (z,  9, 1%),  at  196°  from  the  azimuth  of  the  sun, 

for  a  medium  solar  zenith  angle  (41.5°) 

— 

a 

P 

P 

S 

d 

» 

X 

D 

Altitude  (z) 

(feet) 

Zenith  angle  9  (paths  of  sight  inclined  downward) 

165°  150°  135°  120°  105°  100° 

95° 

0 

1,000 

0.0168 

0.0217 

0.0252 

0.0261 

0.0719 

0.117 

0.238 

| 

2.000 

0.0329 

0.0433 

0.0529 

0.0891 

0.172 

0.336 

1.38 

5 

3,000 

0.0495 

0.0654 

0.0799 

0.116 

0.322 

0.724 

5.12 

4,000 

0.0617 

0.0808 

0.102 

0.152 

0.448 

1.06 

9.72 

j 

5,000 

0.0710 

0.0907 

0.115 

0.179 

0.531 

1.30 

12.6 

6,000 

0.0789 

0.0982 

0.123 

0.198 

0.598 

1.46 

13.7 

5 

7,000 

0.0846 

0.103 

0.131 

0.213 

0.646 

1.61 

15.5 

» 

8,000 

0.0900 

0.110 

0.141 

0.223 

0.736 

1.84 

18.0 

f 

9.000 

0.0984 

0.120 

0.150 

0.234 

0.824 

2.05 

21.2 

10,000 

0.105 

0.128 

0.163 

0.254 

0.879 

2.26 

24.3 

\ 

15,000 

0.138 

0.170 

0.211 

0.336 

1.15 

3.15 

40.2 

■ 

20,00*0 

0.169 

0.204 

0.270 

0.408 

1.38 

3.88 

56.5 

f 

25,000 

0.198 

0.235 

0.324 

0.477 

1.61 

4.62 

l 

30,000 

0.222 

0.262 

0.376 

0.538 

1.80 

5.32 

X 

40,000 

0.260 

0.305 

0.448 

0.631 

2.14 

6.49 

' 

50,000 

0.285 

0.332 

0.497 

0.689 

2.35 

7.33 

} 

60,000 

0.301 

0.349 

0.529 

0.727 

2.50 

7.86 

f 

Table  6.  Downward  luminous  path  reflectance  R*(z,  9, 180),  at  180°  from  the  azimuth  of  the  sun, 

for  a  medium  solar  zenith  angle  (41.5°) 


Zenith  angle  9  (paths  of  sight  inclined  downward) 


Altitude  (z) 


(feet) 

165° 

150° 

135° 

120° 

105° 

100° 

95° 

0 

1,000 

0.0118 

0.0170 

0.0195 

0.0275 

0.0488 

0.117 

0.296 

2,000 

0.0282 

0.0404 

0.0498 

0.0672 

0.172 

0.379 

1.66 

3,000 

0.0450 

0.0649 

0.0829 

0.115 

0.351 

0.833 

5.91 

4,000 

0.0574 

0.0846 

0.110 

0.149 

0.501 

1.21 

10.5 

$ 

5,000 

0.0642 

0.0922 

0.125 

0.175 

0.572 

1.46 

13.4 

6,000 

0.0696 

0.0985 

0.136 

0.198 

0.622 

164 

15.2 

’ 

7,000 

0.0777 

0.107 

0.145 

0.216 

0,681 

1.88 

16.4 

* 

8,000 

0.0957 

0.117 

0.153 

0.233 

0.785 

2.07 

19.9 

9,000 

0.112 

0.127 

0.160 

0.244 

0.882 

2.22 

22.8 

10,000 

0.119 

0,134 

0.170 

0.257 

0.940 

2.40 

25.7 

1 

15,000 

0.150 

0.174 

0,220 

0.319 

1.21 

3.33 

42.2 

20,000 

0.186 

0.223 

0.274 

0.387 

1,52 

4.29 

60.7 

25,000 

0.222 

0.271 

0.324 

0.452 

1  84 

5.30 

30,000 

0.253 

0.314 

0.366 

0.511 

2.12 

6.27 

40,000 

0.299 

0.378 

0.434 

0.603 

2.58 

7.36 

- 

50,000 

0.330 

0.419 

0.4/6 

0.660 

2.89 

9.03 

•# 

60,000 

0.348 

0.445 

0.504 

0.698 

3.09 

9.77 

*■ 
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Table  7A.  Measured  illuminance  on  a  horizontal  plane  at  ground  level  during  Flight  74 

(Solar  zenith  angle  =  41.5°) 


Illuminance 

lumens/ft 2 

lumens/meter2 

Illuminance  from  the  sky 

1400 

15100 

Illuminance  from  the  sun 

4  540 

48900 

Total  downwelling  illuminance 

5  940 

64000 

Upwelling  illuminance 

203 

2180 

Table  7B.  Scalar  illuminance  at  ground  level  during  Flight  74 

(Solar  zenith  angle  =  41.6°) 

Illuminance 

lumens/ft2 

lumens/meter2 

Illuminance  from  the  sky 

3450 

37100 

Illuminance  from  the  sun 

6060 

65  200 

Total  downwelling  illuminance 

9510 

102  300 

Upwelling  illuminance 

612 

6580 

TOTAL 

10122 

108880 

PATH  REFLECTANCE  FOR  A  LOW  SUN 

The  path  luminances  for  a  low  sun  given  in  Tables  V  through  IX  in  Ref.  2  have  been  used  to  compute 
corresponding  directional  luminous  path  reflectances.  These  are  presented  in  Tables  8  through  12. 

The  photometric  measurements  were  made  during  a  flight  (No.  105)  of  an  instrumented  B-29  aircraft  over 
the  Atlantic  Ocean  east  of  Patrick  Air  Force  Base,  Florida  on  20  April  1957.  The  zenith  angle  of  the  sun 
for  the  data  obtained  at  lowest  altitude  was  77.3°.  The  optical  thickness  at  sea  level  was  0.255  and  the 
luminous  vertical  beam  transmittance  through  the  atmosphere  was  0.775.  There  was  a  10  knot  (5m/sec) 
wind.  The  day  was  warm  with  some  scattered  clouds;  the  sun  was  virtually  unobscured. 

Directional  reflectances  for  backgrounds  other  than  ocean  water  which  are  appropriate  for  use  with 
these  path  reflectances  can  be  found  in  Ref.  2. 

Sea  level  illuminance  values  are  given  in  Table  13.  The  horizontal  surface  albedo  was  0.055,  and  the 
scalar  albedo  was  0.064. 


Table  8.  Downward  luminous  path  reflectance  R*  (2, 0, 0}  in  the  azimuth  of  the  sun, 
for  a  low  sun  {maximum  solar  zenith  angle  77 .3°) 


l 


Z 


Altitude  {z) 

(feet) 

180° 

Zenith  angle  0 

165°  150° 

(paths  of  sight  inclined  downward) 

135°  120°  105°  100° 

95° 

0 

1,000 

0.00143 

0.00135 

0.00280 

0.00780 

0.0247 

0.0593 

0.0994 

2,000 

0.00341 

0.00337 

0.00590 

0.0182 

0.0564 

0.130 

0.221 

3,000 

0.00561 

0.00575 

0.0100 

0.0302 

0.0924 

0.216 

0.378 

4,000 

0.00796 

0.00853 

0.0145 

0.0431 

0.131 

0.315 

0.560 

5,000 

0.0104 

0.0121 

0.0196 

0.0575 

0.178 

0.422 

0.772 

6,000 

0.0137 

0.0152 

0.0244 

0.0731 

0.228 

0.517 

0.956 

7,000 

0.0170 

0.0190 

0.0300 

0.0907 

0.282 

0.633 

1.18 

8,000 

0.0208 

0.0240 

0.0362 

0.110 

0.342 

0.762 

1.42 

9,000 

0.0242 

0.0291 

0.0438 

0.129 

0.406 

0.908 

1.75 

10,000 

0.0283 

0.0349 

0.0521 

0.150 

0,475 

1.07 

2.07 

15,000 

0.0489 

0.0626 

0.0969 

0.243 

0.786 

2.20 

4.63 

20,000 

0.0598 

0.0927 

0.147 

0.345 

1.11 

3.64 

8.57 

25,000 

0.0700 

0.122 

0.194 

0.444 

1.43 

5.18 

30,000 

0.0788 

0.147 

0.236 

0.530 

1.71 

6.61 

40,000 

0.0930 

0.186 

0.301 

0.668 

2.17 

9.14 

50,000 

0.102 

0.212 

0.346 

0.761 

2.47 

11.1 

60,000 

0.109 

0.233 

0.374 

0.825 

2.67 

12.4 

Table  9.  Downward  luminous  path  reflectance  R^  (z,  0, 45).  at  45°  from  the  azimuth  of  the  sun, 

for  a  low  sun  (maximum  solar  zenith  angle  77.3°) 

Altitude  (z) 

(feet) 

Zenith  angle  0  (paths  of  sight  inclined  downward) 

165°  150°  135°  120°  105°  100° 

95° 

0 

1.000 

0.00147 

0.00186 

0.00303 

0.00449 

0.0123 

0.0177 

0.0500 

2,000 

0.00306 

0,00424 

0.00576 

0.00897 

0.0271 

0.0395 

0.102 

3,000 

0.00530 

0.00668 

0.00918 

0.0149 

0.0439 

0.0656 

0.167 

4,000 

0.00773 

0.00946 

0.0126 

0.0208 

0.0636 

0.0955 

0.244 

5,000 

0.0104 

0.0125 

0.0164 

0.0274 

0.0856 

0.128 

0.330 

6,000 

0.0135 

0.0154 

0.0211 

0.0333 

0.106 

0.159 

0.403 

7,000 

0.0168 

0,0183 

0.0256 

0.0393 

0.131 

0.196 

0.491 

8.000 

0,0203 

0.0221 

0.0320 

0.0474 

0.158 

0.240 

0.589 

9,000 

0.0244 

0.0261 

0.0386 

0.0564 

0.191 

0.287 

0.708 

10,000 

0.0288 

0.0303 

0.0451 

0.0688 

0.225 

0.342 

0.843 

15,000 

0.0543 

0.0560 

0.0786 

0.143 

0.459 

0.768 

2.18 

20,000 

0.0704 

0.0840 

0.109 

0.208 

0.769 

1.37 

4.47 

25,000 

0.0858 

0.111 

0.137 

0.271 

1.09 

2.02 

30,000 

0.0983 

0.134 

0.162 

0.326 

1.38 

2,63 

40,000 

0.120 

0.171 

0.202 

0.416 

1.86 

3.71 

50,000 

0.133 

0.196 

0.229 

0.478 

2,20 

4.53 

60,000 

0.142 

0.212 

0.247 

0.517 

2.43 

5.07 
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Table  10.  Downward  luminous  path  reflectance  R*  (z,  6. 90),  at  90°  from  the  azimuth  of  the  sun, 

for  a  low  sun  (maximum  solar  zenith  angle  77.3°) 


Altitude  (z) 

(feet) 

Zenith  angle  6  (paths  of  sight  inclined  downward) 

165°  150°  135°  120°  105°  100° 

95° 

0 

1,000 

0.00188 

0.00204 

0.00247 

0.^331 

0.00825 

0.0130 

0.0243 

2,000 

0.00401 

0.00431 

0.00494 

0.UO693 

0.0174 

0.0265 

0.0541 

3,000 

0.00635 

0.00687 

0.00782 

0.0114 

0.0287 

0.0430 

0.0935 

4,000 

0.00884 

0.00940 

0.0113 

0.0159 

0.0411 

0.0610 

0.140 

5,000 

0.0116 

0.0125 

0.0149 

0.0211 

0.0547 

0.0811 

0.193 

6,000 

0.0145 

0.0153 

0.0185 

0.0262 

0.0691 

0.100 

0.238 

7,000 

0.0179 

0.0188 

0.0225 

0.0318 

0.0833 

0.119 

0.294 

8,000 

0.0213 

0.0223 

0.0272 

0.0381 

0.100 

0.144 

0.358 

9,000 

0.0254 

0.0269 

0.0326 

0.0460 

0.116 

0.171 

0.431 

10,000 

0.0299 

0.0314 

0.0390 

0.0538 

0.133 

0.202 

0.512 

15,000 

0.0534 

0.0555 

0.0662 

0.103 

0.280 

0.480 

1.31 

20,000 

0.0672 

0.0786 

0.0922 

0.164 

0.449 

0.905 

2.81 

25.000 

0.0801 

0.1014 

0.118 

0.222 

0.622 

1.36 

30,000 

0.0920 

0.120 

0.140 

0.274 

0.779 

1.79 

40,000 

0.110 

0.150 

0.175 

0.358 

1.04 

2.54 

50,000 

0.122 

0.171 

0.198 

0.415 

1.23 

3.12 

50,000 

0.130 

0.184 

0.214 

0.452 

1.35 

3.49 

Table  11. 

Downward  luminous  path  reflectance  R*(z,  6. 135),  at  135°  from  the  azimuth  of  the  sun, 
for  a  low  sun  (maximum  solar  zenith  angle  77.3°) 

Altitude  (z) 
(feet) 

Zenith  angle  6  (paths  of  sight  inclined  downward) 

165°  150°  135°  120°  105°  100°  95° 

0 


1,000 

0.00204 

0.00289 

0.0030S 

0.00370 

0.0114 

0.0188 

0.0330 

2,000 

0.00426 

0.00515 

0.00669 

0.00798 

0.0240 

0.0386 

0.0757 

3,000 

0.00671 

0.00816 

0.0104 

0.0138 

0.0384 

0.0655 

0.131 

4,000 

0.00945 

0.0113 

0.0146 

0.0197 

0.0540 

0.0939 

0.198 

5,000 

0.0125 

0.0146 

0.0191 

0.0270 

0.0717 

0.128 

0.278 

6.000 

0.0154 

0.0182 

0.0241 

0.0332 

0.0907 

0.158 

0.354 

7,000 

0.0192 

0.0225 

0.0292 

0.0409 

0.110 

0.195 

0.444 

8,000 

0.0225 

0.0267 

0.0349 

0.0509 

0,135 

0.236 

0.552 

9,000 

0.0274 

0.0322 

0.0414 

0.0617 

0,163 

0.284 

0.680 

10.000 

0.0322 

0.0371 

0.0492 

0.0742 

0.193 

0.340 

0.823 

15,000 

0.0532 

0.0649 

0.0820 

0.138 

0.399 

0.698 

2.06 

20,000 

0.0717 

0.0923 

0.109 

0.207 

0.683 

1.11 

4.01 

25,000 

0.0898 

0.119 

0.135 

0.275 

0.973 

1.56 

30,000 

0.105 

0.141 

0.158 

0.335 

1.24 

1.97 

40,000 

0.129 

0.178 

0.194 

0.431 

1.68 

2.70 

50,000 

0.145 

0.202 

0.217 

0.497 

2.00 

3.27 

60,000 

0.155 

0.218 

0.234 

0.539 

2.20 

3.62 
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TabJe  12.  Downward  luminous  path  reflectance  R*  (2, 6. 180),  at  180°  from  the  azimuth  of  the  sun. 

for  a  low  sun  (maximum  solar  zenith  angle  77.3°) 


Altitude  ( 2) 

(feet) 

Zenith  angle  6  (paths  of  sight  inclined  downward) 

165°  150°  136°  120°  105°  100° 

95° 

0 

1,000 

0.00186 

0.00208 

0.00270 

0.00507 

0.0126 

0.0236 

0.0369 

2,000 

0.00408 

0.00439 

0.00555 

0.0105 

0.0265 

0.0516 

0.0856 

3,000 

0.00635 

0.00705 

0.00881 

0.0162 

0.0438 

0.0865 

0.152 

4,000 

0.00865 

0.00972 

0.0124 

0.0218 

0.0634 

0.128 

0.238 

5,000 

0.0112 

0.0128 

0.0163 

0.0292 

0.0856 

0.179 

0.342 

6.000 

0.0140 

0.0159 

0.0202 

0.0369 

0.108 

0.229 

0.448 

7,000 

0.0174 

0.0198 

0.0250 

0.0454 

0.136 

0.288 

0.587 

8,000 

0.0206 

0.0246 

0.0307 

0.0562 

0.168 

0.354 

0.759 

9,000 

0.0246 

0.0298 

0.0372 

0.0671 

0.295 

0.431 

0.974 

10,000 

0.0288 

0.0360 

0.0470 

0.0819 

0.246 

0.509 

1.21 

15,000 

0.0523 

0.0693 

0.104 

0.200 

0.532 

1.00 

2.78 

20,000 

0.0697 

0.102 

0.164 

0.344 

0.929 

1.65 

5.18 

25,000 

0.0925 

0.133 

0.220 

0.485' 

1.34 

2.34 

30,000 

0.112 

0.160 

0.270 

0.608 

1.70 

2.99 

40.000 

0.143 

0.203 

0.349 

0.808 

2.32 

4.12 

50,000 

0.164 

0.232 

0.403 

0.942 

2.76 

5.01 

60,000 

0.177 

0.250 

0.437 

1.04 

3.06 

5.58 

Table  13.  Sea  level  illuminances  for  Flight  105 

(Low  Sun) 

lumens/ft2 

Illuminance 

lumens/m 2 

Illuminance  on  horizontal  surface 

Sky 

838 

9020 

Sun 

872 

9380 

Total  downwelling 

1710 

18400 

Upwelling 

93.3 

1000 

Scalar  illuminance 

Sky 

1940 

20900 

Sun 

3970 

42700 

Downwelling 

5910 

63  600 

Upwelling 

375 

4<k-0 

TOTAL 

6285 

67  640 
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ILLUSTRATIVE  EXAMPLE 


Reference  5  gives  numerical  examples  of  several  procedures  for  calculating  the  contrast  transmittance 
of  a  typical  inclined  path  of  sight  from  optical  atmospheric  data  secured  during  Flight  74  of  the  instru¬ 
mented  B-29  aircraft.  Tables  2  through  7  of  this  report  relate  to  the  same  body  of  basic  data.  The  use  of 
these  tables  to  calculate  the  contrast  transmittance  of  the  same  path  of  sight  is  illustrated  in  this  section. 

Under  the  heading  "EXAMPLE"  on  page  578  in  reference  5  the  problem  is  stated,  in  part,  as  follows: 
"Let  it  be  assumed  that  the  low  flying  aircraft  appears  against  a  uniform  ground  cover  of  small,  fairly 
closely  spaced  pine  trees  on  flat  terrain.  This  was  the  type  of  ground  cover  over  whi  ;h  Flight  74  took 
place.  Table  3.2  gives  the  directional  luminous  reflectance  of  this  ground  cover  as  seen  from  the  assumed 
direction  [0  -  120°;  <t>  ~  45°)  as  0.021."  The  low-flying  aircraft  in  question  was  at  an  altitude  of  5000  feet 
and  the  observer  was  at  60  000  feet.  The  downward  inclined  path  of  sight  had  a  zenith  angle  of  120°  and 
an  azimuth  45°  from  the  sun.  The  calculations  given  in  reference  5  led  to  a  contrast  transmittance  of 
0.278  for  the  path  of  sight  from  the  low-flying  aircraft  (5000  feet)  to  the  observer  (60000  feet).  The  same 
result  can  be  obtained  more  easily  by  means  of  equation  3  and  Table  3  of  this  report  in  the  following  manner. 

First,  calculate  the  contrast  transmittance  of  the  path  of  sight  from  the  ground  to  altitude  5000  feet. 

From  the  preceding  paragraph  bRo(0, 120°, 45°)  =  0.021 

From  Table  3:  R*l0  OO0(5000, 120°,45°)  =  0.152 

From  Equation  3:  bT10  000  (5000, 120°, 45u)  =  C 1  +  <0. 152/0.021 ) ]"*  =  0.1214. 

Second,  calculate  the  contrast  transmittance  of  the  path  of  sight  from  the  ground  to  altitude  60000  feet. 

From  Table  3:  R‘20  0oo(60O00, 120°, 45°)  =  0.600 

From  Equation  3:  bT, 20000  (60000, 120°, 45°)  =  [1  +  0.600/0.021  T1  =  0.0338 

Third,  obtain  the  contrast  transmittance  of  the  path  of  sight  from  altitude  5000  feet  to  altitude  60000 
feet  by  dividing  the  contrast  transmittance  of  the  portion  of  the  path  extending  from  the  ground  to  altitude 
5000  feet  by  the  contrast  transmittance  of  the  entire  path. 

Thus:  bTI10000  (60000, 120°,  45°)  =  0.0338/0.1214  =  0.278. 

Alternatively,  the  same  results  can  be  obtained  by  means  of  the  nomograph  (Fig.  3). 
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Model  for  a  Clear  Atmosphere* 

Jacqueline  I.  Gordon 

Visibility  laboratory,  Scrimps  Institution  oj  Oceanography,  University  oj  California 
i it  San  Diego,  San  Diego,  California  92112 
(Received  19  June  1968) 

A  model  of  .1  clear  almiK>|ilicrc  is,  presented  based  upon  two  assumptions.  (D  the  point-function  equilib¬ 
rium  radiance  for  a  Riven  path  of  sight  docs  not  change  with  altitude;  (2)  there  is  no  absorption.  As  a  result 
of  i hex'  assumptions,  the  equation  of  transfer  can  be  integrated.  The  path  radiance  for  any  slant  patli 
Incomes  a  function  of  the  equilibrium  radiance  and  the  beam  transmittance  of  that  path  In  addition,  the 
equilibrium  radiance  is  a  function  of  the  scalar  irradiance  from  the  sun,  sky,  and  earth  and  the  proportional 
directional  scattering  coefficient  for  ground  level.  Sky  radiances,  and  path  radiances  through  the  atmosphere 
for  both  upward  and  downward  paths  are  determined  by  four  parameters;  the  proportional  directional 
scattering  function  for  ground  level,  the  total  vertical  beam  transmittance  of  the  atmosphere,  the  scalar 
albedo,  and  the  solar  zenith  angle. 

There  is  evidence  that  the  real  atmosphere  does  on  some  days  conform  to  the  alxive  two  assumptions  to  a 
useful  orient  for  the  visible  portion  of  the  spectrum. 

1  Mit \  lit  iniNv'.s Atmospheric  optics;  Radiance;  Sun;  Scattering;  Transmittance. 


A  MODEL  ol  .t  i lent  atmosphere  for  use  in  the 
visible  region  of  the  spectrum  is  bused  upon  two 
assumptions. 

(1)  The  point-function  equilibrium  radiance  for  a 
given  path  of  sight  does  not  change  with  altitude. 
Equilibrium  radiance  is  defined  as  follows.  For  each 
segment  of  every  path  of  sight  in  any  lighted  atmosphere 
there  is  an  equilibrium  radiance  that  will  be  trans¬ 
mitted  unchanged  because  the  loss  (attenuation  of 
image-forming  light)  is  exactly  counterbalanced  by  the 
gain  due  to  the  scattering  of  sunlight  and  sk_\ light 
towatel  the  sensor.  The  equilibrium  radiance  is  a  point 
function  of  position  and  direction,  which  in  any  real 
atmosphere  may  vary  from  point  to  point  throughout 
a  path  of  sight.  In  the  model,  we  are  assuming  it  to  be 
invariant  throughout  a  path  of  sight. 

(2)  Absorption  is  negligible..  With  only  the  first 
assumption  it  becomes  possible  to  integrate  the  equa¬ 
tion  of  transfer  for  the  general  case  of  the  slant  path. 

INTEGRATION  OF  THE  EQUATION  OF 
TRANSFER 

The  method  of  integration  is  similar  to  the  one  given 
by  Duntley  for  slant  paths1  and  for  the  horizontal 
path,4  and  repeated  by  Middleton.8  The  difference  lies 
in  integrating  to  get  transmittance  rather  than  R.  It  is 
not  necessary  to  assume  an  optical  standard  atmosphere 
but  merely  one  in  which  the  equilibrium  radiance, 
Y„( 5,0,0),  does  not  change  with  altitude, 

V,«MW‘  A,f:,0,«).  (1) 

The  parenthetical  expression  denotes  the  altitude  s,  of 

*  Work  has  lawn  supported  under  XASA  grant  XGR-05- 
009-059. 

i  S.  Q.  Duntley,  J.  Opt.  Soc.  Am.  38.  18)  (1948) 

*  S.  Q.  Duntley,  Visibility  Studies  and  Some  Applications  in  the 
Field  oj  Camouflage.  Summary  Tech.  Kept,  of  Div.  16,  XDRC 
'Columbia  I'niversity  Press,  New  York,  1946),  Vnl.  2,  p.  20. 

*  W.  R.  R  Middleton,  Vision  Through  the  Atmosphere  ffni 
versitc  of  Toronto  Pre— ,  Canada.  19521,  p  64  68 


the  point-function  equilibrium  radiance,  and  the  zenith 
angle  0,  and  azimuth  from  sun  <f>,  of  the  path  of  sight. 

The  starting  point  is  the  equation  of  transfer4  which  is 
applicable  to  all  real  atmospheres, 

A.Y(s,0,0)/Az  sec0=  A'.(z,0,0)— [A'(z,0,0)/ Z.(z)].  (2) 

The  equation  of  transfer  expresses  the  change  of  radi¬ 
ance  that  occurs  in  a  small  segment  of  the  path  of 
sight.  A.V(z,0,0)  is  the  difference  between  the  input 
and  output  radiance  for  the  segment.  The  segment 
length  is  Azsec0.  The  gain  term  is  the  path  function, 
■Y.( 2,0,0).  The  loss  term  is  the  radiant e  A’(z,0,0) 
divided  by  the  attenuation  length,  /.(z).  Equation  (2) 
can  be  rewritten 

A.Y  (z,0,0)  =  [.Y.(2,0,0)/-(2)-.Y(s,0,0)] 

Xsec0As//.(o).  (3) 

From  the  equation  of  transfer  and  the  definition  of 
equilibrium  radiance  [[Ref.  4,  Eq.  (11)] 

A', (z,0,0)  =  A\(2,0,0)Z.(z).  (4) 

Now,  substituting  Eqs.  (4)  and  (J)  into  Fq.  (3),  we  find 

A.Y(z,0,0)  =  [.V, (0,0,0)-  '  v=,0,0)]  ><x9Az/IAz),  (5) 

or 

A.V(z,0,0)/[A'(z,0,0)— -V,(U,0,0)]=  -sec6Az/L(z).  (6) 

Roth  sides  of  the  equation  can  be  integrated  after 
passing  to  the  limiting  case,  lim(Az-->  0)  =  </z.  Inte¬ 
grating  both  sides,  the  first  between  the  limits  of  the 
inherent  radiance  ,V0,  at  altitude  z,  and  the  apparent 
radiance  X„  and  the  second  side  between  the  beginning 
and  end  of  path  length  r,  we  find 

p=!*  (7, 

_  .Vfi, #,*)-. J,  Us) 

*  S,  y.  Duntley,  A,  R.  Boileau,  ami  R.  W.  Preisendorfer,  J  Opt, 
S.k\  Ain  t7.  501  (1957),  Kq.  (10), 
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The  results  of  the  integration  are 
r.Vr(*A*)-.Vt(OA*) 


-Ar(z,0.</>)--',(‘MWn 
In  - - =  \n'fr(zy6),  (8) 


or 


.Yr(s,0.*)-.Y,({),0,*) 

- 7 - ->Tt(zj6),  (9) 

A  u(Zi, $,<!>)—  A  q((),6,<t>) 

where  T,(z,8)  is  the  beam  transmittance  for  the  path 
of  sight  of  path  length  r.  Rearranging,  we  find 

X,(z,64>)=  X0(z,,8,<p)Tr(z,d) 

+A',(0IW[1-W)J  (10) 


The  second  term  in  Eq.  (10)  is  the  path  radiance, 
A  *(z,8,<t>), 


A  =  A'«(O,0,«)[1  -  Tr(zfi)-}.  (11) 

Thus  in  this  model  atmosphere,  the  sky  radiance  and 
the  atmospheric  beam  transmittance,  TX(Q,8),  (such 
as  is  obtained  by  a  solar  transmissometer)  can  yield 
a  measure  of  the  equilibrium  radiance  for  all  upward 
paths  of  sight.  The  sky  radiance  is  the  path  radiance, 
A'„*(0 ,0,<t>).  Substituting  into  Eq.  (11)  and  rearranging, 
we  find 


A',(0,W«  .V„*(QA*)/[1  -  rx(0,B)J  (12) 

Although  the  equations  used  herein  are  rigorously  true 
only  for  monochromatic  radiances,  they  may  be  used 
as  a  reasonable  engineering  approximation  for  sensors 
with  a  broad  pass  band  in  the  visible  portion  of  the 
spectrum.  When  the  sensor  has  been  carefully  corrected 
bv  means  of  absorption  filters  to  measure  luminous 
quantities,  the  equations  may  be  written  with  the 
symbol  .V  replaced  by  B,  denoting  luminance. 

Measurements  made  in  real  atmospheres  for  broad 
pass  bands  ;’tow  that  the  equilibrium  radiance  com¬ 
puted  from  sky  radiance  by  means  of  Eq.  (12)  or  com¬ 
puted  from  path  radiances  for  shorter  upward  paths* 
from  Eq.  (11),  is  almost  solely  a  function  ot  the  angle 
from  the  sun,  £f,  of  the  path  of  sight.  An  example  is 
given  in  Fig.  1  of  equilibrium  luminances  computed 
from  measured  sky  luminances.  This  experimental 
finding  makes  possible  a  different  and  useful  expression 
for  equilibrium  radiance;  it  is  derived  in  the  following 
section. 

DERIVATION  OF  THE  EQUILIBRIUM  RADIANCE 
AS  A  FUNCTION  OF  THE  SCATTERING  LOBE 

The  derivation  of  the  equilibrium  radiance  us  a 
function  of  the  scattering  lobe  is  similar  to  that  given 
by  Huiburt8  for  the  horizontal  case  but  has  been 

‘The  path  radiance  for  the  upward  path  between  altitude  z< 
and  z  is  found  from  the  experimental  data  by  use  of  the  relation 
•Vf*  =  .V.*  —  -Y„*(Zi,0,^) T,  (:,$).  Tor  upw  ard-looking 

paths  of  sight  .V„*(z,9,$)  is  the  sky  radiance  at  altitude  :. 

*  E.  O.Hulburt,  J.  Opt.  Soc.  Am.  31,  474  (1941). 


Etc.  1.  Equilibrium  luminance  for  many  upward-looking  paths 
of  sight  initiating  at  an  altitude  of  6100  m  (20  000  ft)  and  termi¬ 
nating  at  an  altitude  of  305  m  (1000  ft).  Each  point  plotted  in 
Fig.  1  represents  the  equilibrium  luminance  of  a  different  path  of 
sight ;  all  azimuths  and  zenith  angles  from  0°  to  85°  are  repre¬ 
sented.  The  data  were  obtained  by  A.  R.  Boileau  on  Flight  112  of 
an  instrumented  B-29  USAF  aircraft  assigned  to  the  Visibility 
laboratory.  The  flight  took  place  on  16  May  1957  near  Eglin 
Air  Force  Base,  Florida.  The  measured  beam  transmittance  for  the 
vertical  path  of  sight  between  altitudes  6100  m  and  305  m  was 
0.897.  The  solar  zenith  angle  was  25°.  These  data  illustrate  that 
equilibrium  luminance  depends  on  angle  from  the  sun  but  not 
appreciably  upon  zenith  angle  tj  or  azimuth  angle  <t>. 


extended  to  equilibrium  radiance  for  all  paths  of  sight. 
It  begins  with  the  definition  of  path  function, 

AT.(z,0,*)  =  ,X  ,(z, 8. ,0)o(z.f))(ftl. 


,8’^)cr(z,0')^- 


(13) 


In  the  first  term,  the  apparent  sun  radiance  is 
,.Yr(z,0„O),  the  directional  scattering  coefficient  at 
angle  0  from  the  sun  is  c(zfi),  and  the  angular  subtense 
of  the  sun  is  till,.  The  second  term  is  the  contribution 
to  the  path  function  of  the  sky  and  earth  radiances, 
X(z,6',4')  over  the  4?r  solid  angle;  &'  in  this  case  is  the 
angle  between  the  sky  (or  earth)  radiance  and  the  path 
of  sight.  The  sun  radiance  times  its  angular  subtense  is 
equivalent  to  ihe  solar  scalar  irradiance, 

h,(z)  =  X,(z,8„0)tiU,.  (14) 

A  scalar  irradiance  is  nondirectional,  hence  its  name. 
Since  it  has  been  assumed  that  there  is  no  absorption, 

/.(:)=  l/r(z),  (15) 

where  s(z)  is  the  total  scattering  coefficient.  Using 
Eq.  (4)  and  Eq.  (15),  we  can  rewrite  Eq.  (13)  in  terms 
of  the  equilibrium  radiance  and  the  directional  scatter¬ 
ing  coefficient  divided  by  the  total  scattering  coefficient, 
a(zji),  j(z),  (which  will  henceforth  be  called  the  pro- 
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portional  directional  scattering  coefficient), 

<r(sjc#)  /•  <r(sj8') 

•V,(s,O,0)  =  //.(:) - +/  A ;{z,8'A')—rdSl,  (16) 

Since,  as  illustrated  by  Fig.  1,  A \(z,6,<j>)  in  a  clear, 
real  atmosphere  is  primarily  a  function  of  angle  from 
the  sun,  0,  of  the  path  of  sight,  the  effect  of  direr  tionalitv 
in  the  integral  in  the  second  term  is  small,  and  an 
average  radiance,  $(2),  can  be  assumed, 


<r(zj3)  ^  r  < 

\\(zM)  =  h.(z)---+$(z)  /  • 

S(2)  J*w 


-dil.  (17) 


The  scalar  irradiance  from  the  sky,  ht,  and  the  up- 
welling  scalar  irradiance  from  the  earth,  hu,  can  be 
expressed  as 

ih(z)+h»(z)=  [  X(z,e',4>'),m=N(z)  (  JSl.  (18) 

J  4r  J*  r 


i^(2)  =  [A*(2)+//.(2)]/4r.  (19) 

Also  the  integral  of  the  proportional  directional  scatter¬ 
ing  over  the  Ax  solid  angle  is  1, 


Now  Eq.  (17)  may  be  rewritten 

<r(z,0)  hk(z)+hu(z) 

.V.(s,M -*.(*)-—+ - : - •  (21) 

s(z)  +r 

From  Eq.  (21)  we  note  that  the  equilibrium  radiance 
is  solely  a  function  of  angle  from  the  sun.  Thus,  upward 
and  downward  paths  of  sight  at  the  same  angle  from 
the  sun,  0,  have  equal  equilibrium  radiances. 

If  enough  equilibrium  radiances  are  available  for  a 
good  coverage  of  angles  from  sun,  0=0—*  180°,  the 
scalar  irradiance  from  the  lower  hemisphere  h*(z)  can 
be  recovered  by  integrating  Eq.  (21)  when  the  scalar 
irradiance  from  the  sun  and  sky  are  known, 


We  will  next  show  that,  conversely,  if  the  atmospheric- 
beam  transmittance,  Tv(z,Q),  the  proportional  direc¬ 
tional  scattering  lobe  a(zfi)/s{z),  and  the  scalar  reflect¬ 
ance  or  scalar  albedo  A ,  are  known  or  can  be  estimated, 
the  equilibrium  radiance  can  be  predicted  and  hence 
the  sky  radiance  and  downward  orbital-path  radiances 
for  any  solar  zenith  angle,  6,. 

EQUILIBRIUM  RADIANCE  AS  A  FUNCTION  OF 
BEAM  TRANSMITTANCE,  THE  PROPOR¬ 
TIONAL  DIRECTIONAL  SCATTERING 
FUNCTION,  SCALAR  ALBEDO  OF 
THE  EARTH,  AND  SOLAR 
ZENITH  ANGLE 

At  any  nonzero  altitude,  the  scalar  albedo  or  scalar 
reflectance  of  the  earth  can  be  defined  as  the  ratio  of  the 
upweliing  scalar  irradiance  to  the  downwelling  scalar 
irradiance. 

A,=  hu(z)/llt,(z)+hk(z)2.  (24) 

The  upweliing  scalar  irradiance  can  be  broken  into 
two  parts, 

hu(z)  =  h,(z)A,+hk(z)A,.  (25) 

Equation  (21)  may  now  be  rewritten 

r 7(2,0)  Art  rl+A,-| 

Xv{z,6,<t>)--*h,{z)\  — - — H —  +A*(2)  -  .  (26) 

L  s(z)  4irJ  L  4ir  J 

The  sun  scalar  irradiance  is  found  by 

h.(z  )-*.(»)r.M.),  (27) 

where  h,(*>)  is  the  scalar  solar  irradiance  out  of  the 
atmosphere  of  the  earth. 

A  first  approximation  for  the  scalar  irradiance  from 
the  sky,  hki(z),  would  be  to  compute  the  sky  radiance 
and  hence  sky  irradiance,  using  the  equilibrium  radiance 
from  the  sun  alone  [the  first  term  in  Eq.  (26)  above], 


•Y,i(z,0,<#.)  =  /<,(2)£- 


<t(2,0)  A,~ 
s(z)  Ax- 


The  skv  radiance  is 


.V, (2, 0,«)// 12 


r  o(zj3)  fAt(2)+/f.(s)“|  r 
=h. - <«f+ - / 

j(2)  L  4*-  JJ»T 

=  h.(z)+hk(z)+hu(z)=h(z), 


dil  (22) 


where  h(z)  is  the  total  scalar  irradiance.  Equation  (21) 
may  also  be  used  to  recover  the  proportional  directional 
scattering,  <r(zfi)/s(z),  by  rearrangement  of  the  equa¬ 
tion,  thus 

7(2,0)  r**(s)+M2)H 

— -  -V,(2,0,«)-  - - --'  +*.(*).  (23) 

s(z)  L  Aw  J  > 


.Yn*(zM)  =  -V,i(2,0,*)[l  -  Tk(z,0)],  (29) 

and  the  sky  scalar  irradiance  is 

M2)=  (  A'„(2,0,0)D-rxM)}/i2;  (30) 

J  2r 

hence,  substituting  Eq.  (28)  into  (30),  we  obtain 

nv(z,0)  .4.-] 

— -+-b ~TKwm.  (3D 

s(z)  AxJ 

The  second  approximation  for  the  sky  scalar  irradiance, 
hki(z),  would  be  to  compute  the  equilibrium  radiance 
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A \-<(z,e,<t>)  using  hn{z)  in  Eq.  (26), 


M*)-  f  X'*(*M)D-TK(z,d)ya,  02) 

J  It 


hk%(z)  =  htx+hkil 


n+A, 


\  4r 


:)lc- 


r„(2)$)]^.  03) 


The  third  approximation  for  the  sky  scalar  irradiance 
f/*3(z)  would  be  to  compute  the  equilibrium  radiance 
.V,j(z,0,$)  using  hn(z)  in  Eq.  (26), 


**»(•)-  J'  N<,z(z,d,<t>)li-r„(zfiM 

'jf  [1-Tjz,6)ya 
+A*(-~)S  j  fa-  rK(z,e)jdo 


(34) 


/1+d, 

A*j(s)  =  hi  i+ hi  d - 

\  4t 

/I-Ma* 


Let 

and 


B=  (l+A,)/4r 


(35) 


(36) 


X=  f  Cl  -T"(z,6)ym.  (37) 

Jtw 

Now'Eq.  (35)  can  be  written 

AttW-Ml+^+W*  (38) 

Therefore 

•  ••£"-'X-').  (39) 

This  series  is  easily  evaluated  and 

ht  (z) = hkK  (z)  =  A*j/(  1  —  BX).  (40) 

Substituting  Eqs.  (31),  (36),  (37),  and  (38)  into  Eq. 
(26),  we  find 


N„{z,e,<t>)^h,{z) 


<r(z,0) 

A, 

_ _1_ 

/I +A. 

.  .  _j 

j(z) 

- r 

4t 

\  4t 

)  J  Cl-7-.(s.«J&][.  (41) 


s(z)  4t 
(H-A. 

\  4rr 


The  first  term  in  the  braces  is  the  direct  scattering  from 
the  sun.  The  second  term  is  the  portion  of  the  earth 
scalar  irradiance  due  to  the  sun.  The  third  term  is  the 
sky  scalar  irradiance  and  the  reflectance  from  the  earth 
of  the  light  from  the  sky.  Although  seemingly  compli¬ 
cated,  Eq.  (41)  is  quite  easily  solvable  by  computer. 
The  scalar  albedo  has  a  theoretical  range  of  0  to  1  and 


a  practical  range  of  something  less  than  that.  It  would 
be  easy  to  assign  a  series  of  albedo  values  to  obtain  an 
idea  of  the  effect  of  different  albedos  on  t  he  sky  radium  c. 

In  this  model  atmosphere,  the  path  radiances  for  in 
termediate  altitudes  would  be  completely  specified  if 
a  profile  of  at  tenuation  length  with  altitude  were  known, 
in  addition  to  the  four  parameters  needed  for  solution 
of  Eq.  (41).  Thus,  if  we  assume  the  structure  for  an 
optical  standard  atmosphere,  the  only  unknowns  are 
the  o(zJ3)/s{z)  functions  which  are  responsible  for  a 
given  total  atmospheric  beam  transmittance,  and  tin- 
scalar  albed.os  that  are  appropriate  for  different  types 
of  terrains.  The  scalar  albedo  for  a  given  terrain 
probably  varies  with  solar  zenith  angle  and  haziness 
of  the  day  (ratio  of  sky  scalar  irradiance  to  sun  scalar 
irradiance).  For  any  terrain,  however,  there  is  probably 
a  reasonable  range  of  values. 

DISCUSSION 

Related  Work  on  Sky  Radiance 

Pokrowski7  expressed  sky  radiances  in  a  form  similar 
to  Eq.  (11).  He  also  gave  an  equation  for  sky  radiance 
which  expressed  it  as  a  function  of  /J,  and  zenith  angle, 
8.  Duntley1  expressed  sky  luminance  in  the  same  form 
as  Eq.  (11)  for  the  Optical  Standard  Atmosphere.  The 
current  CIE  effort  to  develop  a  standard  photopic  clear 
sky  also  uses  an  equation  for  sky  luminance  which  is 
similar  to  Eq.  (11).  This  is  based  on  work  by  Kittler." 
The  atmospheric  beam  transmittance  used  is  0.71.  The 
equilibrium  luminance  used  by  CIE  is  expressed  m 
equation  form  as  a  normalized  function  of  angle  from 
sun,  f). 

Another  group  of  researchers9'11  has  used  sk\ 
radiances  to  obtain  a  relative  measure  of  the  scattering 
function  a(zj}).  Many  of  these  workers  have  used  sk\ 
radiances  (or  luminances)  in  the  same  zenith  angle  as 
the  sun,  but  none  have  related  the  sky  radiance  to  the 
equilibrium  radiance  by  use  of  the  beam  transmittance 
and  the  zenith  angle  of  the  path  of  sight. 

Both  Tousey  and  Hulburt12  and  Chandrasekhar1,1 
have  developed  equations  for  computing  sky  radiance 
which  take  into  account  the  polarization  of  the  scattered 
light.  These  expressions,  even  when  the  complications 
due  to  polarization  are  eliminated,  are  much  more 
complex  than  the  equations  given  in  Sec.  I  for  the  model 
atmosphere.  The  two  assumptions  upon  which  the 
model  is  based  simplify  the  telationships  between  the 
variables. 

7  0. I.  Pokrcmski,  /,.  I’hc-ik  3t.  40.  40o  .  |9*5i;  53.  67  1 1026, 
Z.  I’hysik.  30,  697  (1929i 

*  K.  W.  Kittler,  in  Pmcenlw g<  nl  lln  C  //  i  nlcrualiimni  C  onjri 
eticeon  SuHligliling,  April  ii>0}  -it  nputi  I  \m  '  Hiniu cen¬ 

trum,  Rotterdam,  1967!. 

•R.  Anthony,  j.  Meteorol.  10,  60  c  1954'. 

10  !’.  E.  Volz  and  K.  Uullrich.  J  Mvtcnrol  IX.  406  c  1961 1 

11  R.  W.  Fenn,  Beitr.  Phxsik  Atmosplc.ire  37.  71  (1964i. 

17  K.  Tousey  and  E.  O.  Hulburt,  J  Opt.  hm.  \m.  37  7S  <  1947 

IJS.  Chandrasekhar.  AW/ViOV.  I  titmjii  C'larcmlmi  I’n — .. 
Oxford,  England.  1050,1. 
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l  it;.  2.  Measurcil  profiles  ui  f>alli  limclion  anti  horizontal 
ft|uiUliriui»  luminance  over  western  I  lnfi*!a  near  Kglin  AI-'H, 
Ift  May  I  US  7,  Visibility  laboratory  Flight  112.  measured  In 
\  K.  Boileau.  Sun  r.enith  angle  is  25’’  I’aih  fuiietinn.  .V.is.90,1  1.4i 
isat*T  =  100s.  Sky  contlilion-  clear  anti  Blue.  I'he  profile  nf  attenua 
Lion  length  was  computetl  In  means  of  l<q.  (4i  Note  that  the 
graph  has  three  scales,  with  the  ei|uihl>rinni  luminance  seal#  tint- 
half  the  sire  of  (he  attenuation-length  and  path-function  scales 
1'hus  the  graph  is  a  nomograph'll  expression  of  the  relationship 
expressed  in  Kq.  (4) ;  that  is.  et(uilil>ruini  luminance  equals  the 
product  of  the  attenuation  length  anti  ihe  path  function  \. 
ATo:.WM  U  i ,  B .  AT, --.MO'.  I  If  :(•/. 

Comparison  of  the  Real  Atmosphere  to  the  Model 

The  lirst  assumption  of  the  niotlel  is  that  the  point 
function  etpiililirium  ratlin  me  for  a  given  path  of  sight 
does  not  change  with  alt’! 'trie.  A  tlirccl  measure  of  t he 
point -function  equilibritvi  radiance  i>  t  ha  I  of  t  h« 
horizon  sky .  Horizontal  ujuilihruim  radiant  e  measure 
meitls  were  made  with  the  forward  telephotomeier  ot 
the  attenuation  meter  mounted  on  tin  H  2*)  I'SAI-  an 
craft  assigned  to  the  Visibility  Laboratory  (See  Kef.  4. 
p.  .i(U t.  When  the  descent  ol  the  14  2*1  Irom  high 
altitude  was  made  in  gradual  stages,  the  horizontal 
equilibrium  radiance  in  the  visible  poriion  ui  t In 
spectrum  remained  relatively  constant  with  ahiiudi. 
See  example  in  Fig.  2.  On  tlighl'  in  which  the  dt si ent 


was  rapid,  the  radiance  measurements  showed  a  radical 
decrease  al  the  lower  altitudes.  It  is  believed  that 
moisture  in  the  more  humid,  warmer  air  al  the  lower 
.dliiudts  t imdcnsed  on  the  window  of  the  telepholoni 
••let,  whit  It  hail  become  told  during  the  flight  at  the 
nppei  altitudes.  New  telephotometers  with  windows 
heated  to  eliminate  this  effect  arc  soon  to  he  down. 
Horizontal  equilibrium  radiance  as  a  function  of  alti 
tilde  measured  with  these  improved  instruments  should 
provide  additional  evidence  for  use  in  comparing  the 
teal  atmosphere  to  the  model. 

An  additional  comparison  tan  be  made  of  the 
horizontal  equilibrium  radiante  with  the  slant  path 
equilibrium  radiance  derived  by  means  of  F.q.  (124,  for 
the  same  angle  from  the  sun  pf.  The  two  equilibrium 
radiances  are  equal  foi  the  model  atmosphere. 

The  second  assumption  upon  which  the  model  is 
based  is  that  absorption  is  negligible.  In  the  visible 
poriion  of  the  spectrum,  0.4  lo  0.7  pm,  there  are  21 
absorption  bands  in  the  telluric  spectrum.14  These  are 
title  to  various  forms  ol  molecular  oxygen  (Os/TH)”, 
O'W)’ and  m  water  (H?Ob  of  these,  15  are  so 
weak  as  lo  be  ineffet  live  except  in  I  he  sped  rum  of  the 
setting  sun.  The  six  remaining  bauds,  for  ().  and  H •/), 
lie  between  0.57’«>  anti  0.6081  pm.  <  )nl\  one.  an  ().  band 
at  0.6884  pm.  is  strong  Thus,  for  monochromatic  light 
between  0.4  anil  0.57  pin  and  for  broad  band  visible 
sight  detectors  i  surl  as  photopic  vision  1 1  he  at  mospherii 
absorption  can  be  tonsiderrd  negligible  except  for  a 
letting  «un. 

SUMMARY 

\  model  for  a  t  leaf  atmosphere  applicable  to  the 
visible  portion  of  the  spectrum  has  been  presenled  in 
which  the  equation  of  transfer  may  be  integrated.  The 
’exultant  equations  for  tquilibrium  radiance,  ski  radi 
■•me.  and  proportional  directional  scattering  function 
ait  tunsiderablx  simpler  than  have  been  expressed 
hitherto.  Comparisons  of  the  real  atmosphere  to  the 
model  indieate  thill  the  two  t  auditions  specified  by  the 
.LSsumpiions  are  adrquateh  met  for  visible  light  on 
some  t  tear  daxs 

’*  I  tiohltarg  m  Iht  I  itrth  ,/x  ,/  Planet,  G.  P.  kuipfr  PH 
I  ui  f'lurattn  Prrss  f  'hirapf».  |9*4».  Ch.  5 
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SCATTERIN6  FUNCTIONS  OF  LI6HT  IN  THE  ATMOSPHERIC  BOUNDARY  LAYER* 

Ten  classes  of  scattering  function!  are  presented,  corresponding  to  different  con- 
ditions  in  the  atmospheric  boundary  layer.  For  visibility  220  km  and  extinction 
coefficient  a  -  0.0136  km  a  near-Rayleigh  scattering  function  was  obtained.  In 
fogs  the  scattering  functions  exhibited  peaks  near  140* ,  which  corresponds  to  the 
primary  rainbow  region.  A  correlation  was  established  between  visibility  and  the 
shape  of  the  scattering  function. 


The  scattering  (unctions  of  light  under  different 
atmospheric  conditions  must  frequently  be  known 
in  connection  with  certain  theoretical  and  applied 
problems  in  atmospheric  optics. 

Several  disagreements  are  found  among  a 
few  investigations  [1-6]  that  have  been  pub¬ 
lished.  For  example,  Hulburt  [1]  obtained 
a  10:1  forward-to-backward  scattering  ratio 
for  visibilities  from  5  to  20  km,  in  agree¬ 
ment  with  Rocard's  older  data.  However, 
Bullnch  [2],  Reeger  and  Siedentopf  (3], 
and  Bullnch  and  MSUer  [4]  have  reported 
the  ratio  100:1  for  the  same  transmittance 
range,  Fo'tzik  and  Zschaeck  [5)  obtained 
results  close  to  those  given  in  Refs.  [2-4].  The 
results  obtained  by  V.  F.  Belov  [6]  disagree 
sharply  with  those  given  in  Refs.  (2-5],  show¬ 
ing  only  a  very  slight  dependence  of  the  scattering- 
curve  shape  on  transmittance 

Scattering  measurements  were  confined,  as  a 
rule,  to  small  transmittance  ranges  and  were  then 
extrapolated  to  the  entire  transmittance  range. 

The  disagreement  of  Refs.  (1-6]  can  be  attributed 
not  so  much  to  the  inadequacies  of  any  particular 
procedures,  as  to  different  conditions  for  observa¬ 
tion  under  which  the  quantity,  character  and  size 
distribution  of  particles  suspended  in  the  air  were 
never  known.  Reliable  data  regarding  the  scatter¬ 
ing  function  of  light  require  a  large  number  of  ob¬ 
servations  at  different  geographical  locations 
under  different  meteorological  conditions. 

It  was  therefore  of  interest  to  supplement  and 
improve  data  on  the  atmospheric  scattering  of  light 
by  means  of  systematic  observations  of  scattering 
functions  over  the  entire  range  of  visibilities.  Our 
measurements  have  shown  that  the  shape  of  the 
scattering  curve  is  strongly  dependent  on  trans¬ 
mittance.  In  addition,  curves  of  different  shapes 
can  be  obtained  for  the  same  visibility. 

From  1955  to  1958  scattering  functions  were 
measured  under  different  meteorological  and  geo¬ 
graphical  conditions,  using  a  nephelometer  with 
variable  observation  angle,,  which  had  been  de¬ 
veloped  by  Rityn'  and  Lazarev  [7], 

The  nephelometer  consists  of  an  illuminator, 
visual  photometer  and  recording  device.  The  il¬ 
luminator  emits  a  directed  light  be^m.  The  bright¬ 
ness  of  a  given  air  layer  is  measured  by  the 
photometer  at  different  angles  »  from  the  illumi¬ 
nator  axis..  These  measurements  yield  curves 


characterizing  the  spatial  distribution  of  scattered 
light  -  the  scattering  functions  or  angle -dependent 
scattering  coefficients  p(e).  The  total  scattering 
coefficients  p  or  extinction  coefficients  a  are  then 
calculated  by  means  of  the  equality 

« 

p  =  «- 2x^p(f)»lofdf.  U> 

Scattering  was  measured  in  an  open  volume  of 
air.  The  apparatus  was  designed  for  field  work 
during  non-daylight  hours  and  can  measure  scat¬ 
tering  at  angles  from  16*  to  164*.  (»  =  0*  is  the 
direction  of  the  projected  beam.) 

Scattering  functions  were  measured  at  intervals 
of  10*  in  the  given  angular  range.  As  a  control,  at 
the  end  of  a  run  the  first  po...t  was  remeasured; 
the  difference  between  the  first  and  last  measure¬ 
ment  should  not  exceed  the  error  in  measuring 
p  <»)• 

Simultaneous  measurements  of  scattering  func¬ 
tions  by  several  observers  showed  that  the  r.m.s. 
error  of  a  single  measurement  of  p  (»)  fluctuates 
from  ±5  to  ±  15%,  depending  on  the  brightness 
levels  of  the  compared  photometric  fields.  For 
each  angle  photometric  balance  was  established 
three  times.  The  number  of  readings  was  in¬ 
creased  to  five  or  more  when  the  photometric 
fields  were  not  bright  and  measurements  became 
difficult.  Most  measurements  were  obtained  by 
two  observers  who  recorded  the  distribution  curves 
successively.  This  made  it  possible  to  eliminate 
subjective  visual  errors,  and  considerably  in¬ 
creased  the  accuracy  of  p(e). 

Scattering  observations  in  fogs  required  great 
care  because  of  variations  in  fog  density  and  in 
the  aerosol  size  distribution.  In  order  to  provide 
certainty  that  a  given  measured  scattering  func¬ 
tion  pertains  to  a  single  fog  condition,  we  consid¬ 
ered  only  curves  that  had  been  obtained  either  by 
two  observers  in  succession  or  from  several  runs 
by  a  single  observer. 

The  average  time  required  for  measuring  a 
single  scattering  function  was  15-20  min  for  non¬ 
automatic  recording,  and  5  min  for  automatic  re¬ 
cording  of  photometer  readings  Under  ioi  con¬ 
ditions  all  readings  were  recorded  automatically. 

Curves  were  plotted  from  average  measure¬ 
ments.  Omitted  regions  from  0’  to  16*  and  from 


•nffimril  IT  fir  >Mm»  &»!««««  os  Acdwm ear  «d  Awo.phwic  Opuc.  in  Joswry,  1955.  Ixr.  doopbys.  S«*..  191 1,  pp.  1»52- 

1865,  trsasltted  by  lmi>|  Enin. 
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164*  to  180*  were  extrapolated  graphically.  Func- 
tiooal  coordinates  were  used,  with  the  axes  repre¬ 
senting  x  *  cos  f  and  £  =  log  p(*).  Smooth  curves 
were  drawn  through  the  experimental  points .  On 
the  assumption  that  the  number  of  points  was  ade¬ 
quate  for  determining  the  shape  oi  a  scattering 
curve,  in  addition  to  interpolation  between  points, 
extrapolation  was  extended  to  e  =  0*  and  180*.  It 
appeared  that  a  sufficient  number  of  scattering 
measurements  had  been  performed,  since  the 
value  of 

r  + 1 

P  =  2xy(eosf)»mf  df  -  2a  J  /to* 

•  ~  i 

that  was  calculated  from  the  smooth  curve  agreed 
with  the  value  of  a  as  measured  by  different 
methods  [8],  It  was  convenient  to  use  the  indicated 
coordinates  for  plotting  the  scattering  functions, 
since  the  requirement 


is  easily  satisfied  for  0=0*  and  *  . 

MEASUREMENTS  OF  SCATTERING 
FUNCTIONS 


Fig.  1.  Scattering  functions  of  light  in  nit  —  gradual  type 

la  -  curse  registered  at  Mr.  Elbrus;  7  -  Rayleigh  Auction 
lot  pure  dry  nil;  2  -  clnan  2,  fra  dual  type;  3  -  cleaa  3,  grad¬ 
ual  type,  etc. 


During  the  period  1965-1958,  715  scattering 
functions  were  measured  under  different  meteor¬ 
ological  and  geographical  conditions  and  with  visi¬ 
bility  S(  =  3/n)  varying  from  0.4  to  220  km. 

Measfarements  were  performed  (a)  in  the  Lenin¬ 
grad  region  at  the  field  base  of  the  Mam  Geophysi¬ 
cal  Observatory  in  Voeikovo  for  three  years,  and 
at  the  Toksovo  weather  station;  (b)  at  Odessa  on 
land  and  at  sea  during  October  (in  collaboration 
with  G.  Va.  Bashilov);  (3)  during  the  Mt.  Elbrus 
expedition  of  the  USSR  Academy  of  Sciences,  at 
3200  m  (Terskol  Peak)  and  at  4000  m  (glacier 
base),  during  September,  (d)  in  the  central  portion 
of  the  Atlantic  Ocean  far  from  -ny  land  (38-43*N, 
45-47*W)  on  the  steamship  Lomoncsscv  during 
April  (under  the  direction  of  G.  Ya.  Bashilcv). 

The  extinction  coefficient  a  was  measured  at 
the  lame  time  but  independently  of  the  scattering 


functions.  Under  certain  conditions  in  a  highly 
transparent  atmosphere  (S  >  50  km)  a  was  deter¬ 
mined  by  numerical  integration  of  the  scattering 
coefficient  p(<p)  (Eq.  (i)). 

In  conjunction  with  scattering  measurements  in 
fogs  transmittance  was  always  measured  by  an 
M-37  transmittometer  [11].  In  the  processing  of 
the  data  only  those  scattering  functions  were  re¬ 
tained  for  which  the  extinction  coefficient  derived 
by  numerical  integration  of  the  scattering  curve 
agreed,  within  error  limits,  with  the  extinction 
coefficient  “  derived  from  transmittometer  meas¬ 
urements. 

Visibility  was  computed  from  the  formula 
S  =  3/a.  All  scattering -curve  measurements  were 
accompanied  by  notations  of  pressure,  tempera¬ 
ture  and  relative  humidity. 

The  large  amount  of  experimental  material  per¬ 
mitted  a  rigorous  evaluation  procedure  and  rejec- 


Table  i 


Class  and  type 
of  scattering 
function 

K 

5,  km 

Number  of  meas¬ 
ured  functions  and 
station 

1 

1 

220 

13  (E) 

2 

1.2-1. 5 

180-100 

33 (E,  V) 

3 

1 .6-2.5 

150-50 

138  (E,  V) 

4 

2.6  3.5 

100-20 

94  (E,  V,  T,  O,  L) 

5 

3. 6-5. 5 

50-10 

101  (E,  V,  T,  C) 

5' 

20-10 

17  (L,  O,  V) 

6 

20-4 

70  (V,  T,  O) 

6' 

5. 6-7. 4 

10-4 

8  (V,  O) 

6" 

0. 8-0.4 

7  (1) 

7 

7.5-11 

10-2 

64  (V,  T,  O) 

7" 

0.8 -0.4 

14  (V,  T) 

8 

11.1-16.5 

25  (V) 

8" 

6  (V) 

9 

16.6-25 

20  (V) 

9" 

0. 8-0.4 

6  (V) 

10 

25-35 

1. 5-0.7 

4  (V) 

10" 

0. 5-0.4 

4  (V) 

« 


SCATTERING  FUNCTIONS  OF  LIGHT  IN  ATMOSPHERIC  BOUNDARY  LAYER 


1239 


10 


Fij.  L  Scattering  functions  of  light  10  air  -  steep  type 

5*  —  class  5,  steep  type;  6'  —  class  6,  steep  type,  6*  -  class  6, 
steep  type  with  peak,  etc. 


tion  of  doubtful  cases.  Only  624  out  of  715  scat¬ 
tering  curves  were  retained. 

The  parameter  used  to  characterize  a  family  of 
curves  representing  scattering  under  different 
c  nditions  was  the  so-called  light -flux  asymmetry 
coefficient  K  (the  Richtungsquotient  of  Foitzik  and 
Zschaeck  [5]).,  which  is  the  ratio  of  the  forward- 
scattered  flux  ♦jto  the  backward -scattered  flux 

» t 

J 

A  .  i - . 

J  P(t)sir.f4f 

•  a 

K  was  determined  for  each  scattering  function, 
ancfall  curves  with  values  of  K  in  the  same  range 
were  grouped  together  to  form  a  single  class. 

The  values  of  K  in  adjacent  classes  differed  by 
a  factor  of  about  T.5,  10  different  classes  were 
discriminated  m  this  manner.  Besides  the  division 
into  classes,  the  scattering  functions  were  desig¬ 
nated  as  either  "gradual"  or  "steep"  with  a  deep 
minimum  at  $  =  110-1 20* . 

The  results  are  given  in  Table  1*  where  the 
class  numbers  and  types  are  listed  in  the  first 
column,  steep  types  are  denoted  by  single  or  double 
primes.  The  second  column  gives  corresponding 
values  of  K,  and  the  third  column  gives  the  visi¬ 
bility  S  with  which  each  class  is  associated.  The 
fourth  column  gives  the  number  of  measured 
curves  in  each  class  and  the  station  (V-  Voeikovo, 

T  -  Toksovo,  O  -  Odessa,  E  -  Mt.  Elbrus,  L  -  Lom- 
onossov). 

Figs.  1  and  2  show  the  different  classes  of  scat¬ 
tering  curves,  with  abscissas  denoting  the  scatter¬ 
ing  angle  •  in  degrees  and  the  ordinates  denoting 
normalised  values’ 


2m  J 


In  Fig.  1,  curve  la,  representing  K  =  1,  is  the 
average  of  13  curves~measured  at  va’rious  times 
during  the  night  of  September  2 1-22,  1957  on 
Terskol  Peak.  Associated  values  of  parameters 
are  s  =  0.0136  km"1  and  S  .  220  km.  At  the  time 
of  observation  the  air  temperature  was  +5*.  rela¬ 
tive  humidity  26%  and  pressure  704  mb.  The 
r.m.s.  error  of  p  («)  was  ±5%. 

Curve  la  in  Fig.  1  is  close  to  the  Rayleigh  func¬ 
tion  {curve  1 ),  for  which  the  normalized  function  is 

/(*>“  1ST  <*  +«“**>■ 

The  maximum  discrepancy  of  p*(e)  between  curve 
la  and  the  Rayleigh  function  was  +4%  at  9  =  16* 
and  164*.,  which  is  within  the  limits  of  error.. 

Each  additional  curve  in  Figs.  1  and  2,  repre¬ 
senting  the  different  classes  and  types,  is  the 
average  of  a  large  number  of  observations  at  dif¬ 
ferent  geographical  locations  (Table  1). 

The  curves  were  found  to  depend  on  more  than 
one  parameter.  Some  classes  incluoed  both  the 
gradual  type,  represented  by  the  Rayleigh  function 
(Fig.  1.  curves  >  and  la),  and  the  steep  type,  rep¬ 
resented  m  Fig.  2  by  greatly  extended  curves  with 
steep  maxima  at  9  =  0*  and  pronounced  minima  at 
1 10-120*.  The  gradual  curves  differ  in  that  they 
lack  pronounced  minima. 

Classes  1-4  for  K  <  3.5  contain  curves  of  only 
a  single  (gradual)  type.  For  K  >  3.5.  i.e.,  begin¬ 
ning  with  class  5.  for  a  single" value  of  K  we  find 
both  the  gradual  type  (Fig.  1,  curves  5,~6,  etc.)  and 
the  steep  type  (Fig.  2,  curves,  51,  6’).  The  steep 
type  begins  to  appear  in  class  4.  but  the  difference 
between  the  two  types  is  very  small  there,  and  is 
within  the  limits  of  error. 

For  K  >  5.6  (beginning  with  class  6)  steep 
curves  exhibit  a  peak  near  140*,  which  remains  in 
all  subsequent  classes  but  with  some  reduction  of 
peak  height  (Fig.  2,  curves  6”,  7  ",  etc.). 

The  shapes  of  both  types  vary  with  K.  With  in¬ 
creasing  K  the  curves  are  stretched  and  the  maxi¬ 
mum  at  <s~-  0*  becomes  more  pronounced. 

The  highest  values  of  K  are  represented  by  the 
gradual  type  in  class  10.  The  steep  type  in  class 
10  includes  four  curves  with  K  =  40.  However, 
according  to  the  calculations  of  Shifnn  [9],  our 
value  K  =  40  probably  results  from  errors  of 
measurement  and  should  be  reduced  to  35. 

Fig.  3  shows  scattering  curves  corresponding 
to  transmittance  varying  from  that  of  a  pure  Ray¬ 
leigh  atmosphere  with  S  =  220  km  to  a  fog  with 
S  =  0.4-0. 5  km.  The  shape  of  the  scattering  func¬ 
tion  was  not  observed  to  depend  uniquely  on  trans¬ 
mittance.  For  any  given  visibility,  scattering 
curve,  are  observed  to  differ  considerably  in 
shape  as  well  as  in  scale  of  magnitude.  (In  Figs. 
1-3  all  curves  have  been  reduced  to  the  same  flux.) 
For  high  transmittance  with  S  >  50  km  only  gradual 
scattering  curves  are  observed.  In  the  remaining 
major  portion  of  the  visibility  range  both  types  of 
curves  are  observed. 

The  shape  of  a  scattering  curve  is  strongly  de¬ 
pendent  on  atmospheric  conditions,  and  is  stretched 
out  more  and  more  as  visibility  is  reduced.  We 
can  therefore  not  limit  ourselves  to  a  single  aver¬ 
age  curve  for  scattering  such  as  the  Rocard  scat¬ 
tering  function. 

The  scattering  curve  for  a  fog  can  differ  con¬ 
siderably  from  that  for  a  haze.  In  clast', s  6,  7,  8, 

9,  and  10  we  recorded  the  steep  type  w.th  a  peak 
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curve  shape  remains  unchanged  within  the  limits 
of  error  and  it  was  possible  to  average  the  meas¬ 
urements  obtained  on  different  days,  in  class  9 
two  different  curves  (9  "  in  Fig,  2)  were  obtained 
with  peaks  of  different  heights  near  140*.  Class  10 
was  limited  to  four  curves  of  identical  shape  (within 
the  limits  of  error)  and  with  a  low  peak  around 
140*. 

Fig.  3c  shows  our  scattering  curves  in  fogs. 

Both  gradual  and  steep  curves  are  observed  for 
S  =  0.6-0. 8  km,  while  only  a  steep  curve  with  a 
peak  near  140*  is  observed  for  S  -  0.4 -0.5  km. 

The  peak  near  9=  140*  in  fogs  corresponds  to 
the  primary  rainbow  region;  the  bend  of  the  curves 
for  classes  6",  7  "and  8  "  at  1  £0-1 30*  corresponds 
to  the  secondary  rainbow  region.  According  to  the 
calculations  of  Shifnn  [10),  a  rainbow  results  from 
the  presence  of  large  water  drops  in  a  fog.  The 
height  of  the  peak  evidently  depends  on  the  relative 
number  of  large  drops  in  the  total  number  of  all 
particles  suspended  in  the  air.  The  intensity  of 
the  rainbow  may  possibly  provide  a  basis  for  de¬ 
termining  the  sire  distribution  of  particles  in  fogs. 
However,  all  of  these  hypotheses  require  further 
checking  and,  primarily,  knowledge  of  the  fog- 
particle  size  distribution  at  the  time  of  measure¬ 
ment.  Bullrich  [13]  also  recently  observed  a  fog 
rainbow. 
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c  diffsrmi  visibilities 

near  9  =  140*,  which  is  observed  only  in  fogs;  in 
Fig.  2  this  type  is  represented  by  curves  6"-10". 

In  the  higher-numbered  classes,  i.e.,  with  in¬ 
creasing  asymmetry  coefficient  of  the  light  flux, 
the  peak  is  reduced.  In  classes  6,  7  and  8  the 


It  must  also  be  noted  that,  in  accordance  with 
Fig.  3a-c  the  point  of  intersection  of  scattering 
curves  observed  for  any  given  visibility  depends 
on  the  visibility.  The  curves  observed  for  high 
visibility  (S  >  50  km)  intersect  near  9  =  60*. 

With  increasing  turbidity  the  intersection  point 
begins  to  move  toward  smaller  angles  9;  in  a  highly 
turbid  atmosphere  the  curves  intersect  near  30* 
and  20*.  Fig.  4  shows  how  the  intersection  point 
of  scattering  functions  depends  on  visibility. 

Pyaskovskaya-Fessenkova  [12]  measured  scat¬ 
tering  functions  by  observing  sky  brightness  during 
high  visibility,  and  obtained  an  intersection  point 
near  9  =  60*.  in  agreement  with  our  results.  The 
mean  value  of  p/t  (corresponding  to  our  p*{9))  ob¬ 
tained  by  the  same  investigator  from  a  large 
amount  of  data  was  0.076  for  0.05  S.  T  £  0.30  (Ref. 
[12],  Table  46).  Our  data  show  that  this  transmit¬ 
tance  range  furnishes  scattering  curves  of  classes 
I  to  5;  the  corresponding  values  of  p*(9)  for  9=  60* 
(Table  2)  fluctuate  from  0.075  to  0.068  and  are 
close  to  the  values  of  p/t  given  in  Ref.  [12]. 

For  the  purpose  of  comparing  our  scattering 
functions  with  the  results  obtained  by  Foitzik  and 
Zschaeck  (Ref.  [5],  Table  3),  the  scattering  curves 
were  normalized  in  accordance  with  Eq.  (2),  after 
which  our  classification  based  on  the  values  of  K 
was  used. 

Fig.  5  shows  scattering  curves  for  our  classes  3 
to  9,  together  with  points  obtained  by  Foitzik  and 
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Fig.  }.  Ceapatisos  of  scattering  function*  obtained  in  the 
pee  seat  iaeaitigatioa  with  those  of  Foiczik  nod  Zsckaeck  [5] 

I  —  duw>  J  to  9  (out  ci***ific*tioo);  2  -  corresponding 
dec*  in  Kef.  [j] 


Zschaeck  which  represent  these  seme  classes. 
These  date  are  seen  to  be  in  good  agreement  with 
our  results.  The  data  given  in  Ref.  [S]  ere  quite 
uniformly  distributed  around  our  curves.  The 
somewhat  higher  values  of  p*(e)  in  the  region  90- 
120'  for  classes  J,  5,  6  and  7,  compared  with  our 
data,-  can  probably  he  accounted  for  by  the  fact  that 
the  observations  of  scattered  light  which  sre  re¬ 
ported  in  Ref.  [5]  were  performed  against  the 
background  of  a  wooded  hill  with  sufficient  bright¬ 
ness  to  increase  appreciably  the  value  of  p*(e)  at 
the  scattering -curve  minimum.  For  low  visibility 
(cl  *'£«  &  and  9,  S  =  0.6-6  km)  when  the  brightness 
of  the  hill  was  also  very  email  compared  with  the 
observed  scattered  light  the  points  of  Foit*ik  and 
Zschaeck  were  uniformly  distributed  around  curves 
8  and  9.  Our  measurements  were  performed 
against  an  ideal  black -body  background. 

The  visibility  associated  with  each  given  class 
of  scattering  functions  reported  in  Ref.  [$)  corre¬ 
sponded  to  our  limit  of  visibility  for  the  sai^e 
class. 

The  agreement  of  scattering  measurements  ob¬ 
tained  with  different  independent  techniques  sug¬ 
gests  that  ou-  data  for  the  visibility  range  5  =  220 
km  to  1  km  are  quite  reliable.  The  steep  scatter¬ 
ing  curves  with  peaks  near  140*  {curves  6"-10"). 
observed  in  a  fog.  were  based  on  meager  data  and 
are  therefore  only  provisional.. 

Table  2  gives  values  of  the  normalized  scatter¬ 
ing  functions  p*(*)  for  different  classes  at  intervals 
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of  10*.  Ab»olute  values  ?  (e)  are  obtained  through 
multiplication  by  appropriate  value*  of  the  extinc¬ 
tion  coefficient  « . 

ASYMMETRY  COEFFICIENT  OF 
LIGHT  FLUX 

Fig.  6  *how*  the  correlation  between  the  form* 
of  scattering  curve*  characterised  by  K,  and  via¬ 
bility  S.  The  observation  station*  are 'denoted  by 
different  symbol*.  The  results  given  in  Ref.  [5] 
are  included. 

A  large  spread  of  the  experimental  value*  is 
observed.  Visibilities  ranging  over  two  points  of 
the  international  scale  correspond  to  the  same 
value  of  K.  For  a  single  value  of  the  visibility,  K 
can  varyTiy  a  factor  of  2,5.  including  three  differ¬ 
ent  curve  classes,  wi'h  increasing  turbidity  the 
range  of  fluctuation  of  K  increases..  The  correla¬ 
tion  R between  the  form'd  scattering  curve  char¬ 
acterised  by  K  and  visibility  S  is  R  *  0.77  *  0.02 
for  10  km  i  22C  km.  R  =  £69  ±"5.02  for  4  km 
<S  <  220  krnT  and  R  =  0.51  a  0.08  for  1  km  i  S  <  10 
km. 

The  quantity  and  properties  of  aerosjls  are  ef¬ 
fected  by  Che  geographical  location  of  the  observa¬ 
tion  station,  synaptic  conditions,  the  ground  surface 
and  other  factors.  However,  it  was  not  observed 
tL*t  the  form  of  the  scattering  function  depend*  on 
geographical  location. 

Table  1  and  Fig.  6  show  that  the  same  form  of 
scai;crSn&  function  for  a  given  visibility  range  was 
recordei  at  Odessa.  Mt.  Elbrus,  and  Potsdam,  de¬ 
pending  on  the  character  of  the  air  masses  at  the 
observation  times,. 

Measurements  by  other  investigators  confirm 
these  result*.  Ref.  {12]  furnishes  the  best  approx¬ 
imation  to  the  Rayleigh  function  m  a  desert,  rather 


than  on  mountains,  where  greater  air  purity  is  as¬ 
sumed.  Somewhat  different  results  c.  n  be  expected 
over  a  water  surface  far  from  land,  with  steep 
function*  uredor. .mating  in  bases.  Such  curve* 
were  partially  obtained  on  the  Atlantic  Ocean,  al¬ 
though  the  data  are  still  insufficient  to  permit  defi¬ 
nite  conclusion*. 

Fig.  7  chows  the  correlation  between  the  form 
of  scattering  inaction,  characterised  by  K.  and 
relative  humidity.  A  very  large  spread  of  'he  ex¬ 
perimental  values  is  seen  in  the  figure.  The  r.m.s. 
deviation  of  3K/K  from  the  curve  in  Fig.  7  is  *0.45 
for  a  single  value  of  the  relative  humidity.  The 
correlation  coefficient  R  *  0.58  *  0.03  is  obtained 
between  the  scattering  {unctions,  characterised  by 
K,  and  relative  humidity, 

CONCLUSIONS 

1.  10  classes  of  light-scattering  functions  were 
obtained,  corresponding  to  different  values  of  the 
light -flux  asymmetry  coefficient  K  and  different 
conditions  in  the  atmospheric  boundary  layer.  For 
K  >  3.5  each  class  include*  both  gradual  and  steep 
curves. 

2.  The  shape  of  scattering  functions  does  not 
depend  niquely  on  visibility,  functions  of  markedly 
different  shapes  are  observed  for  the  same  visi¬ 
bility.  As  v-sibii-ty  diminishes,  the  curves  are 
stretched  increasingly  away  from  the  Rayleigh 
function.. 

3.  For  s  -  0.0136  km"'  a  near-Rayleigh  function 
was  recorded  ’n  fogs  scattering  function*  were 
found  with  a  pesk  near  »  c  MO*,  corresponding  to 
'.he  primary  rainbow  region,  ess  consequence  of 
large  fog  drops. 

4.  Correlation  has  been  established  between  the 
shape  of  the  scattering  function,  charactei  ised  by 
the  i-arametrr  K,  and  visibility  S.  For  10  km  <  S 

<  s20  km  we  have  the  correlation  coefficient 
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for  the  furnishing  of  oceanic  scattering  data,  and 
A.  N.  Boyarova  for  assistance  in  the  investigation. 


R  *  0.77  a  0.02,  and  for  1  km  £  S  <  10  km,  R  =  0.!>6 

5  0.0#. 

In  conclusion  the  author  wishes  to  thank  N.  C, 

Boldyrev  for  a  discussion  of  the  results,  K.  S.  Voeikov  Main  Geophysical  Received 

Shifrin  for  valuable  suggestions,  G.  Ya.  Bashilov  Observatory  2/8/1960 


REFERENCES 


1.  Hulburt,  E.  O.,  Optics  of  Atmospheric  Haze, 

J.  Opt.  Soc.  Am.  31,  467,  1941. 

2.  Bullrich,  K.,  Durchlissigkeitszahl  und  Zer- 
streuungsfunktion  in  dunstiger  tuft,  Meteorol. 
Z.  61,  1944. 

3.  Reeger,  E.  and  H.  Siedentopf,  Die  Streufunk- 
tion  des  atmdspbarischen  Dunstes  nach  Schein- 
werfermessungen,  Optik  1,  1946. 

4.  Bullrich,  K.  and  F.  MSUer,  Die  Streuung  des 
Lichtes  in  trdber  Luft,  Optik  2,  1947, 

5.  Foitzik,  L.  and  H.  Zschaeck,  Messungen  der 
spektralen  Zerstreuungsfunktion  bodennaher 
Luft  bei  guter  Sicht  in  Dunst  und  Nebel,  Z. 
Meteorol.  1,  1953. 

6.  Belov,  V.  F.,  Measurement  of  the  Principal 
Optical  Characteristics  of  the  Atmospheric 
Boundary  Layer,  Hydrometeopress,  Moscow. 
1956. 

7.  Rityn',  N.  E.  and  V.  P.  Lazarev,  An  Instrument 
for  Measuring  Scattering  Functions  of  Light  in 


Air,  Optiko-mekh.  prom.  (Opto -Mechanical 
Industry)  No.  2,  1959. 

8.  Barteneva,  O.  D„  G.  Ya.  Bashilov,  and  N.  G. 
Boldyrev,  The  Use  of  an  IF- 14  Nephelometer 
with  Variable  Observation  Angle,  Optiko-mekh. 
prom..  No.  2,  1959. 

9.  Shifrin,  K.  S„  The  Effect  of  Fog  on  Radiation 
Balance,  Trans.  (Trudy)  Main  Geophysical  Ob¬ 
servatory,  No.  27(89),  1951. 

10.  Shifrin,  K.  S.,  The  Scattering  of  Light  in  a 
Turbid  Medium,  Gostekhteoret&zdat,  Moscow, 
1951. 

11.  Goryshin,  V.  I.,  Apparatus  for  Measuring  and 
Registering  Horizontal  Visibility  in  the  At¬ 
mosphere,  Trans.  (Trudy)  Main  Geophysical 
Observatory,  No.  100,  1959. 

12.  Pyaskovskaya-Fessenkova,  E.  V.,  An  Investi¬ 
gation  of  Light  Scattering  in  the  Earth's  At¬ 
mosphere,  Acad.  Sci.  USSR  Press,  1957. 

1  3.  Bullrich,  K.,  Streulichtmessungen  in  Dunst  und 
Nebel.  Meteorol.  Rundschau  13,  K.  1,  1960. 


L 

?\. 


JK 


Glossary  And  Notation 


The  notation  used  in  reports  and  journal  articles  produced  by  the  Visibility  Laboratory  staff  follow,  in 
general,  the  rules  set  forth  in  Appendix  A,  pages  499-500  (Duntley  et  al,  1957).  These  rules  are: 


ft 
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Each  optical  property  is  indicated  by  a  basic  (parent)  symbol. 

A  presubsc  >pt  may  be  used  with  the  parent  symbol  as  an  identifier,  e.g.,  b  indicates 
background  while  t  denotes  an  object. 

A  postsubscript  may  be  used  to  indicate  the  length  of  a  path  of  sight,  e.g.,  r  denotes 
an  apparent  property  as  measured  at  the  end  of  a  path  of  sight  of  length  r,  while  o  de¬ 
notes  an  inherent  property  based  on  the  hypothetical  concept  of  a  photometer  located  at 
zero  distance  from  an  object. 

A  postsuperscript  *„  or  a  postsubscript „  ,  is  employed  as  a  mnemonic  symbol  signifying 
that  the  radiometric  quantity  has  been  generated  by  the  scattering  of  ambient  light  reaching 
the  path  from  all  directions. 

The  parenthetical  attachments  to  the  parent  symbol  denote  altitude  and  direction.  The 
letter  z  indicates  altitude  in  general;  zt  is  used  to  specify  the  altitude  of  an  object. 
The  direction  of  a  path  of  sight  is  specified  by  the  zenith  angle  6  and  the  azimuth  <f>.  In 
the  case  of  irradiances,  the  downwelling  irradiance  is  designated  by  d,  the  upwelling 
by  u. 


I 


-Jv 


C  0(zxM) 


C  Jiz.6.4) 


Albedo  at  altitude  z,,  defined  by  the  equation  A(z)  3  H(z,u)/H(z,d).  (Scalar  Albedo,,  at  altitude  z, 
is  the  ratio  h(z,u)/h(z,d).) 

Inherent  universal  contrast  determined  for  a  path  of  sight  of  zero  length  at  altitude  of  the  object  zt  in 
the  direction  of  zenith  angle  6  and  azimuth  <f>.  This  property  is  defined  by  the  equation 

tN0(zt.e.^)-bN0(ztA^) 

C0( zt.0,<f>)  3  - . 

bNo<zt.0.*) 

Apparent  universal  contrast  as  determined  at  altitude  z  from  the  end  of  path  of  sight  of  length  r  in 
the  direction  of  the  zenith  angle  6  and  azimuth  0.  This  property  is  defined  by  the  equation 


Cr(z ,6.<f>)  s 


tNr(z,0,^6)  -bNr{z 
bNr(z 


&C*( P ath-to-background  contrast.  This  property  may  be  defined  by  the  equation 


H(z,d) 


H(z,u) 


bCf(z.M)  =■ 


Rr(z.0,<£)-bRo(zt,0.<£) 

™Tr 


Irradiance  produced  by  downwelling  flux  as  determined  on  a  horizontal  flat  plate  at  altitude  z. 

In  this  report  d  is  used  in  place  of  the  minus  sign  in  the  notation  H(zt,~)  which  appears  in  Ap¬ 
pendix  D.  This  property  may  be  defined  by  the  equation  H(z,d)  =  I  N(z,0',<£’)  cosfl'  dQ. 

J2Tt 

Irradiance  produced  by  upwelling  flux  as  determined  on  a  horizontal  flat  plate  at  altitude  z. 

Here  u  is  substituted  for  the  plus  sign  formerly  used  in  the  notation  H(z,  +). 

Scalar  irradiance.  This  may  be  defined  as  the  radiant  flux  arriving  at  a  point,  from  all  directions 
about  that  point,  at  altitude  z  (T  yler  and  Preisendorfer,,  1962). 

h(z)  -  h(z,d)  +  h(z,u)  . 

Scalar  irradiance  produced  by  downwelling  flux.  This  may  be  defined  as  the  radiant  flux  from  the 
upper  hemisphere  arriving  at  a  point  at  altitude  z. 

Scalar  irradiance  defined  as  the  radiant  flux  from  the  upper  hemisphere  sky  (flux  from  the  sun  is  not 
included)  arriving  at  a  point  at  altitude  z. 

Scalar  irradiance  defined  as  the  radiant  flux  from  the  sun  arriving  at  a  point  at  altitude  z. 

Scalar  irradiance  produced  by  upwelling  flux.  This  may  be  defined  as  the  radiant  flux  from  the 
lower  hemisphere  arriving  at  a  point  at  altitude  z. 

Luminous  intensity  of  a  photometric  standard,,  usually  incandescent,  in  the  direction  normal  to  the 
plane  of  the  filament. 


N(z,0.0 

bNeUt,6 


bNr(z,0, 


tNf(z,0,« 


N,U.0.4 


N„(z,0.4 


Nr(z,0,< 


R.  (2.0-1 


Attenuation  length  at  altitude  z.  This  property  is  the  reciprocal  of  attenuation  coefficient,  that  is. 


L(z)  =  a( zp  . 
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yde  z, 


N(z ,6,4>)  Radiance  as  determined  from  altitude  z  in  the  direction  specified  by  zenith  angle  9  and  azimuth  <f>. 


F  z«  ln 


tNt(z,0,<£) 


Nq(z  ,9.<f>) 


N*(z,0,<£) 


bN0(z v0,(j>)  Inherent  background  radiance  as  determined  at  altitude  of  the  photometer  zt  at  zenith  angle  9  and  j 
azimuth  <f>. 

bNr(z,0,0)  Apparent  background  radiance  as  determined  at  altitude  z  from  the  end  of  a  path  of  sight  of  length  r 
at  zenith  angle  6  and  azimuth  <f>.  This  property  may  be  defined  by  the  equation 

bNr(z ,d,4>)  =  bNo(z v$4)  T,(z,0|  +  N*t(z,9.<f>)  . 

tNo(zt,0,<£)  Inherent  radiance  of  an  object  as  determined  at  altitude  of  the  photometer  zt  at  zenith  angle  9  and 
azimuth  <f>. 

tN t(z,0,<f>)  Apparent  radiance  of  an  object  as  determined  at  altitude  z  from  the  end  of  a  path  of  sight  of 
length  r  at  zenith  angle  9  and  azimuth  <f>.  This  property  may  be  defined  by  the  equation 

tNr(z =  tNo(zt,0,<£)  Tt(z,0)  +N*(z,0,0)  . 

N q( z,0,<?S>  Equilibrium  radiance  at  altitude  z  with  the  direction  of  the  path  of  sight  specified  by  by  zenith 
angle  6  and  azimuth  <f>.  This  property  is  a  point  function  of  position  and  direction. 

N*(z,0,<j!>)  Path  function  at  altitude  z  with  the  direction  of  the  path  of  sight  specified  by  zenith  angle  9  and 
azimuth  <f>.  This  property  is  defined  by  the  equation 

N.(z,0,$)  s  /  o(z,j8')N(z,0',^')dn  . 

4ff 

This  property  also  is  a  point  function  of  position  and  direction. 

N*(z ,9,<f>)  Path  radiance  as  determined  at  altitude  z  at  the  end  of  a  path  of  sight  of  length  r  in  the  direction 
specified  by  zenith  angle  9  and  azimuth  cf>. 

psia  Pressure,  absolute,  pounds  per  square  inch. 

psid  Pressure,  differential,  pounds  per  square  inch. 

bRo(zt0,<£)  Inherent  background  reflectance  as  determined  at  altitude  of  an  object  zt  and  viewed  at  zenith  an¬ 
gle  9  and  azimuth  (f>. 

bRr(z ,9,cf>)  Apparent  background  reflectance  determined  at  altitude  z  from  the  end  of  a  path  of  sight  of 
length  r  specified  by  zenith  angle  9  and  azimuth  <f>. 

R *r(z,9.<f>)  Directional  path  reflectance  as  determined  at  altitude  z  at  the  end  of  a  path  of  sight  of  length  r  in 
the  direction  specified  by  zenith  angle  9  and  azimuth  <f>. 

S^T ^  Standardized  relative  spectral  response  of  filter-cathode  combination  where  is  spectral  sensitivity 

of  the  multiplier  phototube  cathode  and  T^  is  spectral  transmittance  of  optical  filter. 

SiT  \  Relative  spectral  response  of  an  individual  filter-phototube  system. 
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s( z )  Total  volume  scattering  coefficient  as  determined  at  altitude  z.  This  property  may  be  defined  by 

the  equation 

s(z)  s  J  o{z,/3)  dQ  . 

In  the  absence  of  atmospheric  absorption,  the  total  volume  scattering  coefficient  is  numerically  equal 
to  the  attenuation  coefficient. 

Total  volume  scattering  coefficient  for  Mie  scattering  at  altitude  z. 

Total  volume  scattering  coefficient  for  Rayleigh  scattering  at  altitude  z. 

Beam  transmittance  as  determined  at  altitude  z  for  a  path  of  sight  of  length  r  at  zenith  angle  6. 
This  property  is  independent  of  azimuth  in  atmospheres  having  horizontal  uniformity.  It  is  always  the 
same  for  the  designated  path  of  sight  or  its  reciprocal. 

Contrast  transmittance  as  determined  at  altitude  z  at  the  end  of  a  path  of  sight  of  length  r  and 
specified  by  zenith  angle  0  and  azimuth  <f>.  This  property  is  not  independent  of  azimuth  and  is  not 
the  same  for  the  designated  path  of  sight  and  its  reciprocal. 

Spectral  emittance  (power/unit  of  area)  of  electromagnetic  flux  from  a  plane  surface. 

Symbol  for  visual  efficiency  function. 

Zero  scale  value.  The  zero  point  on  the  linear  scale  when  the  radiometric  or  photometric  quan¬ 
tity  x  is  equal  to  a  reference  radiometric  or  photometric  quantity  xo  as  shown  in  equation 

log  [xo/x]  =  0  . 

a(z)  Volume  attenuation  coefficient  as  determined  at  altitude  z.  In  the  absence  of  atmospheric  absorp¬ 

tion,  the  attenuation  coefficient  is  numerically  equal  to  the  volume  scattering  coefficient. 

/9  Symbol  for  scattering  angle  of  flux  from  a  liqht  source.  It  is  equal  to  the  angie  between  the  line  from 

the  source  to  the  observer  and  the  path  of  sight 

/S'  Symbol  for  scattering  angle  of  flux  from  a  discrete  part  of  the  sky.  It  is  equal  to  the  angle  between 

the  direction  specified  by  O'  and  <f>'  and  the  path  of  sight. 

A  Symbol  to  indicate  incremental  quantity  and  used  with  r  and  z  to  indicate  small,  discrete  incre¬ 

ments  in  path  length  r  and  altitude  z. 

e A  Spectral  emissivity  of  tungsten  filament. 

£  Symbol  for  radius  of  the  earth  in  Eqs,  2-11  and  2-12  and  Fig.  2-2. 

6  Symbol  for  zenith  angle.  This  symbol  is  usually  used  as  one  of  two  coordinates  to  specify  the  direc¬ 

tion  of  a  path  of  sight. 
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$'  Symbol  for  zenith  angle  usually  used  as  one  of  two  coordinates  to  specify  the  direction  of  a  discrete 

portion  of  the  sky. 

<f>  Symbol  for  azimuth.  The  azimuth  is  the  angle  in  the  horizontal  plane  of  the  observer  between  a  fixed 

point  and  the  path  of  sight.  The  fixed  point  may  be,  for  example,  true  north,  the  bearing  of  the  sun, 
or  (as  in  this  report)  the  bearing  of  the  moon.  This  symbol  is  usually  used  as  one  of  two  coordinates 
to  specify  the  direction  of  a  path  of  sight. 

tf>‘  This  symbol  for  azimuth  is  usually  used  as  one  of  two  coordinates  to  specify  the  direction  of  a  dis¬ 

crete  portion  of  the  sky. 

a  Symbol  for  volume  scattering  function.  P  arenthetical  symbols  may  be  added;  for  example,  /8  maybe 

used  to  designate  the  scattering  angle  from  a  source.  In  Appendix  E  the  parenthetical  symbols  are  z 
and  /8  for  altitude  and  scattering  angle. 

<r(z,/3)/s(z)  Proportional  directional  volume  scattering  function.  This  may  be  defined  by  the  equation 

f  [o( z,j8)/s(z)]  =  1. 

in 


A  Symbol  for  wavelength, 

ft  Symbol  for  solid  angle.  For  a  hemisphere 

ft  =  2rr  steradians; 
for  a  sphere 

ft  =  An  steradians. 
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P  ABSTRACT 

This  report  presents  atmospheric  optical  data  collected  at  night  i 

n  Thailand  chiefly  with  airborne  in- 

struments  during  two  field  expeditions,,  one  trip  made  during  the  wet  monsoon  season  and  one  during  the 
dry  season.  Results  from  eighteen  flights  are  presented.  The  data  include  irradiance,,  directional  reflec¬ 
tance  of  backgrounds,  total  scattering  coefficients,,  atmospheric  beam  transmittance,  path  radiance,,  and 
directional  path  reflectance  Data  for  starlight,,  moonlight,  and  overcast  conditions  were  derived  for 
downward- looking  paths  of  sight  inclined  at  seven  zenith  angles  (93\  95°„  100°,  105°,,  1 P0 150",,  and  180  ) 
from  altitudes  of  1524  m  and  tower  in  five  spectral  regions.,  as  follows  four  narrow  band  optical  filters 
with  maximum  transmittances  at  475,,  515,  660,  and  745  nm;  one  broad  band  sensitivity  representing  the 
S-20  multiplier  phototubes  fitted  with  UV  reflection  filter  Simultaneous  photoelectric  (Royco)  measure¬ 
ments  of  the  distributions  of  atmosphere  particle  sizes  are  reported. 
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